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19. Abstract

additional observed biological responses to inhaled Cu-Zn were restricted to

the respiratory tract. Lung weights were incre ed due to an inflammatory

response for rats exposed to 120 mg. hr Cu-Zn/7)or more per week. Exposure

to 240 mg. hr Cu-zn/-per week caused restrictive pulmonary functional

disorder, as evidenced by a reduced lung capacity, reduced quasistatic

compliance, reduced carbon monoxide diffusing capacity, and increased

percent forced vital capacity exhaled in 0.1 second. Exposure-related

responses in lavage fluid indicators of lung damage included increased

beta-glucuronidase, increased lactate dehydrogenase, and increases in

Inflammatory cells, total protein, and collagen. Histological lesions

produced by Cu-Zn were (M4 atrophy of the nasal olfactory epithelium and

hyperplasia of goblet cells in the respiratory epithelium, M focal

necrotizing alveolitis, G3. alveolar macrophage hyperplasia, and1W4goblet

cell hyperplasia of bronchial and bronchiolar epithelium. The only

significant biological responses that did not resolve during the 2-week

recovery period were the nasal epithelial goblet cell hyperplasia, increased

lung weight, and alveolar macrophage hyperplasla. These unresolved changes

were associated with weekly cumulative exposures to at least 60 mg. hr

Cu-Zn/m 3. The time required for full recovery wis not determined, but the

severity of the lesions and degree of recovery by 2 weeks suggested that

recovery would likely be comp et'. -In sumary, within the spectrum of

exposures used in this study, The inhaled Cu-Zn alloy caused

exposure-related inflammatory and cytotoxic responses in the respiratory

tract, but the inhaled Cu-Zn cleared rapidly and the responses largely

resolved after cessation of exposures. While responses to Cu-Zn inhaled by

F344/N rats were related to the weekly product of aerosol concentration

multiplied by exposure time, and exposures 4 days per week generally

produced larger responses than exposures 2 days per week for the same For

cumulative exposure, no relationship was detected for daily exposure

duration (1.5 vs 3 hours/day) or exposure concentration (10 mg Cu-Zn/m 3 vs d

40 mg Cu-Zn/m3).
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I. EXECUTIVE SUMMARY

This report describes Phase II of a project sponsored by the USABRDL to

study biological effects produced by an inhaled powder of Cu-Zn alloy

(Cu-Zn). Exposures were repeated. intermittent nose-only inhalation exposures

of male and female F344/N rats. The study goal was to provide

exposure-response data and evaluate the effects of aerosol concentration (mg

Cu-Zn/m3), exposure duration (hours/day), and exposure frequency (2 or 4

times/week) on biological effects produced by the inhaled Cu-Zn. Exposures

were for 4 weeks, followed by a 2-week recovery period. Aerosol

concentrations were 10 and 40 mg Cu-Zn/m3. Exposures were defined in terms of

cumulative weekly exposures, which were the product of aerosol concentration,

exposure duration, and exposure frequency. Therefore, units of exposure were

mg.hr Cu-Zn/m 3 per week. Cumulative weekly exposures were 0, 30, 60, 120,

240, and 480 mg.hr Cu-Zn/m3. Within the 9 exposure groups were 3 pairs of

groups that received the same cumulative weekly exposures in 2 or 4

days/weeks; these were 60, 120, and 240 mg.hr Cu-Zn/m 3 per week.

No rats died as a result of inhalation of Cu-Zn, but body weights were

reduced for rats exposed to 240 and 480 mg.hr Cu-Zn/m 3 per week. Lung weights

were increased relative to those of sham-exposed rats as a result of weekly

exposures to 120 mg.hr Cu-Zn/m3 or more, delivered over 4 days per week. This

* was due to an inflammatory response in the lung.

Inhalation of 240 mg.hr Cu-Zn/m 3 per week caused reduced total lung

capacity, reduced quasistatic lung compliance, reduced carbon monoxide

* diffusing capacity, and increased percent forced vital capacity exhaled in 0.1

second.* These alterations were consistent with a restrictive functional

disorder, with no evidence of airflow obstruction. The respiratory functional

* changes were resolved during the 2-week recovery period.

4



VBronchoalveolar lavage fluid analyses at the end of exposure indicated

that the inhaled Cu-Zn produced an inflammatory response in the lung if

exposures were to 60 mg.hr Cu-Zn/m3 or more per week. Exposure-related

increases were noted for: (1) beta-glucuronidase, (2) lactate dehydrogenase,

(3) polymorphonuclear leukocytes, (4) total protein, and (5) airway collagen.

Alkaline phosphatase, an important indicator of damage to type II cells of the

lung, had no exposure-related trend. The numbers of pulmonary alveolar

macrophages were increased with exposures to 60 mg.hr Cu-Zn/m 3 or more per

week, but there was no exposure-related trend. These changes in lavage fluid

indicators of damage resolved by the end of the 2-week recovery period.

Hematological parameters were unaffected at all exposure levels.

Immunological results for rats exposed to Cu-Zn were not significantly

different from those of sham-exposed rats at the end of exposure or after the

recovery period. Trend analyses, however, indicated slight exposure-related

increases in total cells and total numbers of antibody-forming cells in

lung-associated lymph nodes. Although total cells were slightly elevated,

there was no clear pattern indicating the lung immune system was at risk as a

result of inhalation of the powdered Cu-Zn. The phagocytic ability of

pulmonary alveolar macrophages was not significantly affected by these

exposures to Cu-Zn.

Atrophy of thq nasal olfactory epithelium occurred at all exposure

levels, and both the incidence and severity of the lesion were

exposure-related. This lesion completely resolved during the 2-week recovery

period for rats exposed to 120 mg.hr Cu-Zn/m3 per week, or less. Goblet cell

hyperplasia and hypertrophy were prominent in the ciliated epithelium lining

the anterior portion of the nasal septum and occasionally the epithelium

5
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lining the anterior portion of the nasal septum and occasionally the

epithelium lining the anterior portion of the maxilloturbinate. The lesions

resolved after 2 weeks recovery if exposures were less than the equivalent of

120 mg.hr Cu-Zn/m3 per week for 4 weeks.

Other histopathological effects were focal necrotizing alveolitis and

goblet cell hyperplasia of bronchial and bronchiolar epithelium for all rats

exposed to 120 mg.hr Cu-Zn/m 3 or more per week. The incidence and severity

were exposure-related. Both of these lesions represented significant

responses to exposures to relatively high levels of the Cu-Zn, but completely

resolved during the 2 weeks recovery period.

Alveolar macrophage hyperplasia was observed in 3 of 10 rats exposed to

30 mg.hr Cu-Zn/m3 per week and was present in all rats exposed to levels

higher than 30 mg.hr/m3 per week. This lesion only partially resolved during

the recovery period and persisted in most rats exposed to 60 mg.hr Cu-Zn/m
3

per week or more. Alveolar macrophage hyperplasia was the most persistent

histopathological response observed in lungs of these rats.

In summary, the Cu-Zn produced exposure-related responses in the

respiratory tracts of the F344/N rats but did not accumulate in the lung,

Indicating a rapid clearance for this inhaled powder. Biological responses

were most apparent for bronchoalveolar lavage fluid indicators of damage and

*e inflammation, increased lung weight, and histopathological changes. Exposures

to at least 60 mg.hr Cu-Zn/r 3 per week were needed to produce significant

"" responses. Responses to a given cumulative weekly exposure were generally

* more marked when exposures were delivered during 4 days per week instead of

, durihg 2 days per week. While responses were related to the weekly product of

*t aerosol concentration multiplied by exposure time, and exposures 4 days per

6
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week generally produced larger responses than exposures 2 days per week for

the same cumulative exposure, no relationship was detected for daily exposure

duration (1.5 vs. 3 hours/day) or exposure concentration (10 mg Cu-Zn/m 3 vs.

40 mg Cu-Zn/m 3). This was probably a consequence of the relatively small

difference between 1.5 hours and 3 hours per day, and the fact that the total

amount of Cu-Zn deposited per day was more important than either the exposure

time or the aerosol concentration.

With the exception of the decreased body weight, all of the observed

biological responses to inhaled Cu-Zn were restricted to the respiratory

tract. Goblet cell hyperplasia in respiratory epithelium and alveolar

macrophage hyperplasia were caused by exposures to 30 mg.hr Cu-Zn/m 3 per
I

week. All other statistically significant responses required exposures to 60

mg.hr Cu-Zn/m3 or more per week. Most differences in biological responses

Sbetween sham-exposed rats and rats exposed to Cu-Zn had resolved by the end of

a 2-week recovery period. The only significant unresolved changes were the

nasal epithelial goblet cell hyperplasia, increased lung weight,'and alveolar

macrophage hyperplasia. These unresolved changes were associated with weekly

- m cumulative exposures to at least 60 mg.hr Cu-Zn/m 3. The time required for

full recovery was not determined, but the severity of the lesions and degree

"" of recovery by 2 weeks suggest that recovery would likely be complete. Within

the spectrum of exposures used in this study, the Cu-Zn alloy caused

exposure-related inflammatory and cytotoxic responses in the respiratory

tract, but the inhaled Cu-Zn cleared rapidly and the responses largely

resolved after cessation of exposure.
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I1. FOREWORD

Opinions, interpretations. conclusions and recommendations are those of

the author and are not necessarily endorsed by the U. S. Army.

_-_ Where copyrighted material is quoted, permission has been obtained to
-' use such material.

____~_Where material from documents designated for limited distribution is
quoted, permission has been obtained to use the material.

__Citations of commercial organizations and trade names in this report do
not constitute an official Department of the Army endorsement or approval of
the products or services of these organizations.

I.X ..In conducting research using animals, the investigator(s) adhered to the
0 "Guide for the Care and Use of Laboratory Animals," prepared by the Committee

on Care and Use of Laboratory Animals of the Institute of Laboratory Animal
Resources, National Research Council (NIH Publication No. 86-23, Revised 1985).

______For the protection of human subjects, the investigator(s) have adhered
to policies of applicable Federal Law 45CFR46.

______In conducting research utilizing recombinant DNA techno1igy, the
investigator(s) adhered to current guidelines promulgated by the National
Institutes of Health.
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V. EXPERIMENTAL METHODS

A. TestLMaterial

He obtained Atlantic Brass Richgold fine 1800 from Atlantic

Powdered Metals, Inc., New York, NY. This powdered metal alloy was from lot

number T-7464. He mixed the bulk material in a plastic-lined 55 gallon drum,

S then transferred part of the powder to 9 approximately 2 liter sub-lots in

Teflon bottles for convenience of storage and use in this project. The

remainder of the bulk material was returned to its shipping containers. This

metal powder contained approximately 2/3 Cu and 1/3 Zn by weight. In Phase I

of this project we determined the projected area diameter of bulk and

aerosolized powder (Snipes et Al., 1986). Results indicated that most of the

particles in this powder were flakes, having projected area diameters in the

range 0.6 to 16.4 pm. He also approximated the thickness of the flakes to be

one-thirtieth to one-fourtieth of the projected area diameter. Aerosols

generated using this powder typically had mass median aerodynamic diameters

approximately 0.9 to 1.2 pm, with geometric standard deviations fn the range

3.1 to 3.5.

B. Experimental Design

"4. Fischer-344/N rats were used in this study to allow comparisons

with specific results from ether related studies and to make general

comparisons with the growing inhalation toxicology data base for rats. This

laboratory animal species was suitable for pulmonary function evaluations

• - during and after exposure to the test material and procedures for evaluating

specific endpoints have been well defined for rats. Previous observations in

Phase I of this project and by others (Thomson It al., 1986) indicated the

most likely responses in Phase II would involve the nasopharynx and pulmonary

13
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region of the respiratory tract. In addition to possible physical disruption

of function related to inhaling the metal powder, there were potential

biological and biochemical effects to consider which might result from

exposure to the Cu and/or Zn constituents of the test material. The

respiratory tract was the most likely physiological region of the rats which

might be affected by inhalation exposure to the powdered Cu-Zn alloy (Cu-Zn).

Observations and endpoints of interest therefore emphasized the respiratory

tract. The measurements and endpoints we included in this study were selected

to determine changes in important indicators of general health, the

respiratory tract or other specific organ function as a consequence of the

exposures. Specific categories of endpoint evaluations included hematology,

* clinical chemistry, pulmonary biochemistry, immunology, and histopathology.

Our observations and data collections also included indicators of

V. morbidity. Rats were observed daily, their body weights were recorded twice

per week, and pulmonary function measurements were made after the exposures to

the test material as indicators of morbidity. I

After the last exposures. rats were necropsied and examined using

*] histopathology procedures to determine tissue responses to the inhaled

material. Hematology, lavage fluid biochemistry, immunology, and phagocytosis

evaluations were also collected at that time.

eor Exposures were nose-only and designed to evaluate effects of

exposure concentration, exposure duration, and exposure frequency. Exposure

concentrations were 10 mg Cu-Zn/m 3 and 40 mg Cu-Zn/m 3, exposure durations were

* 1.5 hr/day and 3.0 hr/day, and exposure frequencies were 2 times or 4 times

per wiek. Exposures 4 times per week were conducted Monday thru Thursday or

Tuesday thru Friday; exposure 2 days per week were conducted on

* Monday and Thursday, or on Tuesday and Friday.

14
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Table 1 summarizes the matrix of exposures. The result was a low

level exposure (30 mg.hr Cu-Zn/m3 per week), a high level exposure (480 mg.hr

Cu-Zn/m 3 per week), and three pairs of exposure levels (60, 120, and 240 mg.hr

Cu-Zn/m3 per week). The pairs of exposure levels allowed comparisons between

different conditions which produced the same total exposure to the test

material. These exposure groups are referred to as 30-2, 60-2, 60-4, 120-2,

120-4, 240-2, 240-4, and 480-4, respectively; this terminology was used

"- consistently throughout this report to identify the groups of rats.

' .. Filtered-air exposed rats are referred to as "shams," and identified as

sham-4, indicating they were exposed 4 times per week; their exposures were 3

1-2 hours per day.

' 'Rats were 17 * 1 weeks old at the start of their exposures. The

" '.- rats were weighed during the week prior to exposure and those weights were

%a' used to randomize them for assignment to their study groups. The

randomization procedure made use of the ITRI Path/Tox Data System (Xybion

Medical Systems, Inc., Cedar Knolls, NJ) and RS/l (BBN Research Systems,

a. Cambridge, MA). The result of the randomization procedure was assignment of

" rats to the 9 experimental groups indicated in Table 1.

Animal assignments for endpoint evaluations are specified in TAble

2. This table indicates the degree to which rats were shared for most of the

endpoint evaluations. There were 70 rats (30 females and 40 males) in all

groups except the lowest exposure group (30-2) and highest exposure group

(480-4). which had 20 rats each (10 females and 10 males). The reason for the

unequal numbers of females and males was that only males were subjected to the

*pulmonary function evaluations. Equal numbers of females and males were used

- .;for all other evaluations. Rats were randomly assigned for endpoint

,15
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Table I

Exposure Groups for Phase II

2 days/week 4 days/week
mg Cu-Zn

per m3  .hr./dj3 Qr/ay 1.5 hr/day 3.0 hr/day

10 30a 60 60 120
(20)bc (70) (70) (70)

40 120 240 240 480
(70) (70) (70) (20)c

0 (Sham) 0
(70)

* aAccumulated weekly exposure (mg.hr Cu-Zn/m 3).

bNumbers of rats are indicated in parentheses.

CThese animals, 10 males and 10 females, were subjected only to
histopathology evaluations. Half the animals at the end of the
4 week exposure, the other half two weeks later.

1
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Table 2

Use of Animals Having Cumulative Exposures of Q, 30,
60, 120. 240, and 480 mg.hr Cu-Zn Alloy/m

Number of
Rats per Total

Evaluation GrOUpa Rats

Histopathology 20 180

Respiratory Function 10 70

Shared for Endpoints: 24 168
Biochemistry 24
Hematology 12
Connective Tissue 12
Phagocytosis 16

Shared for Endpoints: 16 112
- . Immunology 16

Tissue Distribution 12

* Overall Total 530

*• q" aHalf of the rats evaluated after the 4 week exposure,,
. 2- the other half evaluated two weeks later. Hith the

exception of respiratory function evaluations, which
used only male rats, all groups had equal numbers of
males and females. Rats exposed to 30 or 480 mg.hr
Cu-Zn/m3 per week were evaluated only for histopathology.

4,
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Psi,, evaluations and whether they would be evaluated at the end of the exposure or

after the 2-week recovery period. The first groups of rats were killed three

days after their last exposure to the Cu-Zn, the rest were killed exactly two

weeks later. The exceptions to this schedule were the rats used for pulmonary

function evaluations; the same rats were evaluated at the end of the exposure

series and again after the 2-week recovery period.

C. Animals: Identification and Housing

Rats were obtained from Charles River Laboratories, Kingston, NY.

They were shipped from a viral-antibody-free facility in filter crates and

were 4 weeks old when they arrived at the LITRI. Prior to the animal's

arrival the room selected for their housing was disinfected. This was

accomplished by sponging or mopping all surfaces of the room with diluted

3ohnson's Exposee (National Sanitary Supply Co., Albuquerque, NM), then

4 fumigating the room with AN-FA-CIDE-S0 (Pharmaceutical Research Laboratories,

Greenwich, CT). Thereafter, anyone entering the room followed quarantine

procedures for themselves, food. cages, bedding, and equipment taken into the

room. The rats were maintained under quarantine conditions throughout the

study.

Upon arrival at the Institute. cellophane tape preparations were

A %done on 10 rats (5 females and 5 males) to examine for pinworm ova. Serology

e was performed when the rats were 10 to 12 weeks old. after maternal antibodies

, had decreased. This procedure is described below, under the section "Routine

Animal Surveillance."

All animals assigned to the project had unique individual

Identification numbers. The numbers were affixed to the animal's ears In the

form of permanent metal ear tags. The ear tags were attached during the week

18
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*: before inhalation exposures were started. Occasionally, these ear tags were

lost; they were replaced as necessary to maintain positive identification of

each animal.

Rats were housed two or three per cage in polycarbonate cages 20 cm

H x 25 cm H x 45 cm L. Cages had polyester filter caps to reduce possible

spread of disease and parasites. Cages and filter caps for the sham group

were kept separate from cages and filter caps used for the rats exposed to the

Cu-Zn powder. Also, the cages used for this study were not mixed with similar

cages being used in the same housing area for other studies. Normal cage

washing procedures were used, but control and exposed cages were washed

separately and independently relative to other cages in the building.

Cages had hardwood chip bedding which was changed twice weekly.

Certified Rodent Blox pellets (Allied Mills, Chicago. IL) and water were

available Ad libitum In the housing area. Food was analyzed by the
Continental Grain Company, Libertyville, IL and was not analyzed at the LITRI

for contaminants as they were not likely to be present in amounts which would

influence results of the study. Data sheets from analysis of Lot P06185-1 of

this feed by the Continental Grain Company are included in the Appendix. This

analysis was representative of the feed used during Phase II.

Light was provided on a 12-hour daily cycle (0600-1800) at 50 ft

candles or less. Room temperature was maintained at 20 to 240C, and relative

humidity was 30 to 50 percent.

D. Routine Animal Surveillance

Rats were received from Charles River Laboratories, Kingston, NY on

October 22, 1985. They were 4 weeks old and placed directly into a quarantine

room where they were maintained throughout the study.
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On October 23, 1985, cellophane tape preparations were done on 10

randomly selected rats (5 males and 5 females) to determine if pinworms

(SyjYIiad murti) were present. All 10 rats were negative for pinworm ova.

Hhen the rats were 12 weeks old, serum samples were collected from

5 male and 5 female rats as part of the ITRI disease surveillance program.

This surveillance included gross necropsy, parasitology screening, and

serology. Samples of the serum were sent to Microbiological Associates, Inc.

(Bethesda, NO) for serologic testing for the following diseases: pneumonia

virus of mice (PVM), kilham rat virus (KRV), Toolan's H-1 virus (H-l), sendai

virus, rat coronavirus-sialodacryoadeniti virus (RCV-SDA), lymphocytic

* choriomeningitis virus (LCM), reovirus type 3 (Reo3), mouse adenovirus (MAD),

GDVII. and Mycoplasma Dulmonis. A cellophane tape preparation was also done

on each of the 10 rats to examine for pinworm ova. A pooled fecal sample was

submitted from he 5 males and another pooled fecal sample was submitted from

*the 5 females for fecal flotation analysis.

The same disease surveillance procedures were performed on an

additional 5 female and 5 male rats during the week prior to beginning

exposures, and on another 5 female and 5 male rats at the conclusion of the

study. No gross lesions were observed on any of the rats. At the conclusion

of the study, one rat was positive for pinworm ova in the fecal flotation

analysis, and pinworm ova were observed on cellophane preparations from 4 of

the 10 rats. All 10 rats were negative for Myco1asma and all viruses tested.

E. Aerosol Generation and Exposure Systems

1. Aerosol Generation and Delivery Systems

One requirement for this project was to minimize changes in

* physical and chemical characteristics of the powdered Cu-Zn. This required
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using an aerosol generator which would not grind or otherwise alter the size

and shape of the powder. In addition, a suspension of the powder was not

possible, since this would require a solvent which might alter the test

material physically or alter the exposure patterns for the rats. Testing in

Phase I of this project indicated that the Model 0101-C6S Jet-O-MizerO aerosol

generator (Fluid Energy Corp., Hatfield, PA) would be appropriate for this

study (Snipes It &i., 1986). Figure 1 is a schematic diagram of the aerosol

generation system with its bulk materials feeder. The Jet-O-Mizer produced

aerosols of the Cu-Zn having the desired exposure concentrations, stability,

and volume production for this project.

I aEach daily operation of this aerosol generation system started

with a fresh supply of bulk Cu-Zn alloy powder. The bulk powder was stored in

2-liter Teflon containers. Containers were physically mixed by turning them

end over end 25 times prior to transfer of the bulk material. This procedure

was done to obviate daily variations in aerosols due to differential settling

of particles in the storage containers.

In all cases where aerosols of the Cu-Zn were used, the

. aerosol generation systems were enclosed to protect the operator(s) from

exposure. These enclosures were made of 1.3 cm thick plexiglas and were

- "equipped with glove ports and pass boxes. The enclosures were maintained at a

relative negative internal pressure of 0.5-0.75 inches (1.3-1.9 cm) of

hydrostatic pressure. This ensured that any leaks in the system would result

in room air being drawn into the enclosure rather than test material escaping

from the enclosure to contaminate the work environment and result in personnel

Nexposures.
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Figure 1. Schematic Diagram of Jet-O-mizer Aerosol Generation System
and AccuRateD Materials Feeder
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Figure 2 indicates the relationship of the aerosol generation,

delivery, and animal exposure systems in the exposure room. The figure also

indicates the location of control and sampling apparatus requisite to

generation and handling of aerosol samples.

2. Control of Relative Humidity

-Aerosols were produced by the Jet-O-Mizer aerosol generation

system using dry, filtered air. This aerosol might have caused dehydration of

the rats during the 1.5 and 3.0 hour exposures. To obviate this potential

problem, the aerosols of Cu-Zn were humidified by mixing them with filtered

air which was saturated with water vapor. The saturated air was filtered

prior to mixing with the aerosols. The filtration procedure eliminated water

droplets from the aerosol; water droplets could cause problems with aerosol

stability, primarily clumping of individual aerosol particles. By adjusting

the amount of water-saturated air used, this procedure achieved a relative

humidity of 30-50 percent which was stable over the duration of the

exposures. Figure 3 shows a schematic diagram of the humidification system.

After being humidified, aerosols were passed through the

exposure chambers or through a bypass as excess aerosol. Excess aerosol flow

was drawn through a high efficiency particulate air (HEPA) filter via the room

"' air exhaust system; the exposure chambers were exhausted through a separate

HEPA filtered chamber exhaust system.

3. Animal Exposure Chambers

Two 96-port nose-only exposure chambers were used for exposing

rats to the Cu-Zn; an 80-port nose-only chamber was used to expose the shams.

These multiport small animal exposure systems were similar to those described

• by Raabe it J. (1973). During exposures, rats were in polycarbonate
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Figure 2. Schematic Diagram of Room Used for Aerosol Generation,
.4- Sampling, and Animal Exposures
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Figure 3. Schematic Diagram of Humidification System
for Exposure Atmospheres
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nose-only exposure tubes. These tubes were designed to allow the animal's

nose to project into the aerosol passing through the exposure chamber, while

Sminimizing external contamination of the animals. The wall thickness of the

lexan tubes was 2.3 mm and the tube diameter was adequate to allow the rats

space for thorax expansion during breathing, but not large enough for the rat

to turn around in the tube. The front end of each tube was tapered internally

- to conform to the shape of the rat's head and the rear end of the tube was

closed by an adjustable plunger. The rats were secured in these tubes during

exposure, with their noses projecting slightly past the end of the exposure

tube and into the aerosol passing through the exposure chamber.

4. Aerosol Physical Characterization

* Three types of aerosol samples were collected. Filter samples

were collected to determine aerosol concentrations, Lovelace Multijet (LMJ)

cascade impactors were used to collect samples for aerosol size

determinations, and point-to-plane electrostatic precipitator (ESP) samples

were collected for routine aerosol morphology evaluations. I

.4: A RAM-SO real-time aerosol monitor (GCA Corporation, Bedford,

MA) was used to continuously monitor the aerosol concentrations during testing

and exposures. The primary use of this measuring device was to provide

real-time indications of the functional state of the aerosol generation and

delivery systems. This information was used by the exposure technician to

make any necessary adjustments within the systems to maintain the desired

exposure conditions.

* Our previous experience with RAM-S monitors indicated that

continuously monitoring high concentration aerosols would necessitate routine

servicing the RAM-S every few days. The servicing procedures were time
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consuming and require having an extra RAM-S unit for backup use. The main

problems were (1) aerosol accumulation on optical surfaces and (2) clogging of

the downstream filter, which made it impossible to maintain a constant flow

rate through the RAM-S.

etdhteHe modified the RAM-S units to improve their service life and

extend the time between maintenance. Modifications involved (1) using

sheathing air to help keep optical components clean and (2) diverting the

aerosol to a filter external to the RAM-S units. These modifications provided

metered, clean air to protect the optical components of the systems and

prevented clogging of the system filters. Using the modified flow system

allowed using the RAM-S monitors 6 hours/day, 5 days/week for more than one

month without breakdown or the need for routine maintenance. The

modifications had no effect on accuracy of the instruments.

5. Exposure Chamber Aerosol Distribution Evaluations

The following procedures were used to quantitate aerosol

generator output and uniformity of aerosol CorLentratlon within the exposure

chambers used for Phase II. Two nose-only exposure chambers were used and

both required testing prior to animal exposures. One chamber was set at 10 mg

Cu-Zn/m3, the other chamber was set at 40 mg Cu-Zn/m 3.

Tests were conducted four hours per day, on three separate
I

days with no animals in the exposure chambers. Previously identified exposure

ports were sampled simultaneously to evaluate the aerosol concentration at

each port. The amounts of test material were determined by weighing the
I

filters before and after the aerosol collection intervals. Twelve

simultaneous filter samples were collected, six from each side of each

exposure chamber. The pattern for sampling is indicated in Figure 4. Both
I
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Figure 4. Sampling Arrangement for 96-Port

Nose-only Animal Exposure Chamber
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sides of the chambers had the same exposure port identification scheme and

were sampled at the same time. Positions "E4" served as reference points and

were sampled for every day's experiment. Each experiment consisted of four

. tests. Tests number 1 and 3 included chamber port position; Al, HI, B4, E4,

pG4, and D6; tests 2 and 4 included positions Dl, B3, G3, E4, A6, and H6.

Aerosols were collected on these filters for 40 minutes with 1 liter/minute

sampling flow rates. A total of 144 samples were collected for each nose-only

exposure chamber and used in the evaluation of spatial and temporal

distribution patterns. Lovelace Multitet impactor samples were also collected

for aerosol size determinations.

a F. Animal Exposure Procedures

Two hundred thirty female and 300 male rats were exposed in Phase

-. I. Seventy (30 females and 40 males) were sham-exposed, the rest were

exposed to the Cu-Zn in the groups indicated in Table 1. The exposures were

conducted over a five week period so that the number of rats per day processed

for endpoint evaluations could be properly evaluated.

He had determined the aerosols were almost uniformly distributed in

the nose-only chambers. However, to minimize variability which might result

.~ from not randomly placing rats in the exposure ports for each exposure, we

used a randomization procedure to assign each rat to its exposure location for

each exposure. A different list of exposure locations was produced for each

- group of rats for every exposure. The procedure used computer software which

randomized the list of rats to be exposed in each chamber and overlaid the

*. '. random list of rats on the list of exposure ports available. Exposure ports

were identified by a 3-digit code where each port of an exposure chamber was

assigned a unique number. The procedure not only randomly assigned the rats
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to their exposure locations each day, the computer output file was used to

generate labels which were placed on the exposure tubes at the time the rats

were loaded into them. The labels facilitated accounting for each rat and

reduced errors associated with handling rats for nose-only exposures and

returning them to their assigned housing cages. The exposure location history

for each rat in the study is in a master computer file for examination if

needed.

The animals were not housed in the same room in which they were

exposed. On exposure days, the rats were transported between the housing room

and the exposure room. Animals to be sham-exposed were handled and

transported first. They were loaded into polycarbonate nose-only exposure

tubes in the housing room and transported in the tubes to the exposure room,
which was across the hall from the housing room. After the nose-only

' exposures, the rats were transferred (sham animals first) from the exposure

tubes to 1 liter plastic containers for transport back to the housing room.

.The plastic transport containers had lids with five approximately 8 mm

diameter holes punched in the top to allow air to the rats while they were in

the transport containers.

G. Aerosol Characterization Durina Exposures

During the animal exposures, three types of aerosol samples were

V collected for each exposure. These included (1) the Lovelace Multijet (LMJ)

Impactor samples for determining aerodynamic size distributions of the

aerosols, (2) filter samples for aerosol concentration determinations, and

(3) a point-to-plane electrostatic (ESP) sample for electron microscope

observations. The flow rates were set at 16.4 liters/minute for impactors, 1

liter/min-ite for filter samplers, and 0.2 liters/minute for the ESP. One
0
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sample each of the LMJ and ESP were collected at the beginning and end of each

exposure. One pair of filter samples was collected for the entire 1.5 hour

exposures, two filter samples were collected for the 3.0 hour exposures.

H. Observations Durina and After Exposures

The rat housing area was inspected twice daily for dead or moribund

rats. More thorough examinations occurred twice per week when all of the rats

were weighed. Any dead or moribund rats were taken to necropsy where they

were necropsied as "unscheduled deaths" as indicated in ITRI Protocol

FYB5-0B9. Personnel handling rats for exposures noted any unusual behavior,

coat color, excretions, and overall general appearance.

All rats were weighed twice weekly during the exposure series and

during the two-week recovery period. These body weights measurements were

taken between 0630 and 0830 on days when animal weighing was scheduled.

After their last scheduled exposure, the rats were returned to

their housing as usual. Three days later, excluding the rats assigned for

imunology and respiratory function evaluations, half of the rats were

transported to the LITRI necropsy facility, anesthetized with halothane,

killed by exsanguination, and samples were collected for the variety of

* endpoints. The same procedures were repeated two weeks later with the other

rats assigned for these endpoint evaluations. These endpoints are summarized

in Table 2, along with the numbers of rats evaluated for each endpoint. Rats

assigned to the pulmonary function evaluations were killed and discarded as

biological waste after their final pulmonary function tests.

Lavage Fluid Biochemistry and Cytoloay

The lung is a primary route of entry into the body for inhaled

*: materials. Some inhaled materials cause responses in the lung which can be

31



measured by changes in composition of the lung tissue or by changes in the

fluids and cells lining the bronchoalveolar airways. Since fibrosis of the

lung was a possible response to the inhaled Cu-Zn, the lung tissue was

analyzed for indications of developing fibrosis. Analysis of bronchoalveolar

lavage fluid was used to detect an inflammatory response in the lung. This

method has proven useful in previous studies on the toxicity of inhaled

mineral dusts, coal combustion ash, and other toxicants (Beck it Al., 1981,

1982; Henderson it &l., 1978a, b, 1979a, b; Moores It al., 1980. 1981).

The rats were anesthetized with halothane, then exsanguinated by cardiac

puncture. Halothane anesthesia caused the least changes in baseline

parameters used in a screening test for lung injury (Henderson and Lowrey,

1983), which is why it was the procedure of choice for this study. Blood was

collected in syringes containing 100 units of heparin and used for hematology

evaluations. The trachea and lungs were removed en bloc from sacrificed rats,
A

and lavaged with physiological saline (2 washes of 5 mL each for females and 2

washes of 7 mL each for males). The two recovered lavage fluid'washes from

individual rats were combined and centrifuged at 1000 x g for 15 minutes to

remove cells. The supernatant was analyzed for lactate dehydrogenase

(indicator of cell death), beta-glucuronidase (lysosomal enzyme indicating

high phagocytic activity and/or lysis of phagocytic cells), alkaline

phosphatase (measure of type 11 lung cell response), and protein content

(indicator of damage to the alveolar/capillary barrier). The cells in the

pellet were resuspended in physiological saline and evaluated using a Coulter

* counter (Coulter Electronics. Hialeah. FL). An aliquot of the cell suspension

was rocessed using a cytocentrifuge and differential cell counts were made.
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Total airway collagen was measured as an indicator of possible

remodeling of lung structural protein (Pickrell 1t al.. 1975). The analysis

was done only for the rats exposed to 40 mg Cu-Zn/m 3, 2 days/week, 3 hr/day.

If results had indicated significant changes relative to the sham-exposed

rats, additional groups of rats would have been analyzed. One half of the

control animals from the group sacrificed at the end of exposure was pooled

with one half of the control animals sacrificed after the recovery period.

This was done to provide controls for this screening analysis and also for the

additional analyses if they would have been justified. He demonstrated in the

final report for Phase I of this project (Snipes rt Al.. 1986) that there was

little variation between sham-exposed rats sacrificed at two different times.

Most of the variation was among animals, not age, and we pooled results to

improve statistics. An aliquot of the lavage fluid supernatant was hydrolyzed

in 6 N HC1 (sealed under N2) for 16 to 18 hours. The acid was evaporated, the

material was resuspended in 0.001 N HCI, and a colorimetric procedure was used

to quantitate the amount of collagen present. Right lung lobes etere

hydrolyzed using the same procedure as for the lavage fluid. The acid was

evaporated, the material was resuspended in 0.001 N HC1, and samples were

decolorized with charcoal filtration, evaporated, and finally suspended in
0.001 N HC1 and analyzed colorimetrically for hydroxyproline, and the collagen

content was calculated.

Hematology

Hematology and clinical chemistry measurements were made according to

standard methodology. Specifically. erythrocyte and leukocyte counts were

made with an electronic counter (Coulter ZBI, or S550), which produce

equivalent results on rat blood. These counters also measured hemoglobin
3
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(spectrophotometric), mean corpuscular volume (electronic) and calculated a

value for packed cell volume (hematocrit) using the previously obtained

results. A differential leukocyte analysis was made from a stained (Wright's)
".

blood smear from which 100 leukocytes were examined with a light microscope.

Nucleated erythrocytes and platelets were enumerated from the smear. Blood

was stained with brilliant cresyl blue and a second smear made to enumerate

reticulocytes.

Immunol ogy

The lung-associated lymph nodes are the primary site for the production

of immunity to particulate antigens present in the lung (Bice 2t al., 1979).

The results of previous studies indicate that damage of the lung epithelium by

inhalation of toxicants (Schnizlein t al., 1980) or damage of the

lung-associated, lymph nodes by toxic materials that translocate from the lung

(Schnizlein it al.. 1982) can alter immune responses to antigens in the

lungs. Because inhaled Cu-Zn might be toxic and might accumulate in

* lung-associated lymph nodes, inhalation exposures could alter the lung and/or

the lung-associated lymph nodes and lead to changes in the immune defenses in

the lung. Therefore, the development of lung immunity was evaluated.

Antibody levels in serum are a measure of toxicity of particles that

. have translocated from the lung to the lung-associated lymph nodes. Specific

* antibodies found in serum after lung immunization are produced in the

lung-associated lymph nodes and represent a measure of lymph node function.

Our immunologic tests included enumerating the antigen-specific

antibody-forming cells in the lung-associated lymph nodes after immunization

In the lung with a particulate antigen. The levels of IgM and IgG antibodies

in sera were then evaluated by an enzyme-linked immunoassay (Voller it ei..

* 1976).
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Immunization was by intratracheal instillation of antigen (Bice t Al.,

1979) seven days prior to sacrifice of the rats. The rats were anesthetized

with halothane, and the trachea was intubated with a catheter. The placement

of the catheter in the trachea was verified by ventilating the lungs after

placement of the catheter. Particulate antigen (sheep red blood cells) was

instilled just above the bifurcation of the trachea. A total of 108 sheep red

blood cells (SRBC) obtained from a single donor sheep were used for each rat.

The number of lymphoid cells producing IgM anti-SRBC antibody were

*determined in the lung-associated lymph nodes and the spleen by the Cunningham

modification of the Jerne plaque assay (Cunningham and Szenberg, 1968). The

evaluation of the number of anti-SRBC in the spleen after lung immunization

was necessary to determine if exposure to the Cu-Zn altered the antigen

trapping capacity of the lung-associated lymph nodes. Particulate antigen

i (SRBC) that leaves the lung via the lymphatics is normally removed in the

lung-associated lymph nodes. This antigen does not reach distant lymphoid

tissues since the number of antigen-forming cells in the spleen is not

significantly elevated above background level (Bice it al.. 1979).

Antibody-forming cell data were expressed as the number of IgM anti-SRBC

antibody-forming cells per million lymphoid cells in the lung-associated lymph

nodes or in the spleen. A statistical comparison of the level of immunity in

control rats and in exposed rats was made. Results of past studies indicated'.

that the variance of the data increases linearly as the mean level of the

immune response increases (Gottlieb. 1974). Therefore, a logarithmic

transformation of the data was evaluated using an unpaired t-test with the

BMDP computer program (Dixon and Brown, 1979).
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As described above, lavage fluid was centrifuged and the supernatant was

used for biochemical analyses. Pulmonary alveolar macrophages from the cell

pellet were evaluated for their ability to phagocytize opsonized sheep red

blood cells (SRBC). called EA, which had been sensitized by incubation with

anti-SRBC antibody (Harmsen it al., 1980). One mL of a 1 percent (v/v)

suspension of EA was added to 500,000 alveolar macrophages in suspension. The

mixture of macrophages and EA was incubated at 37°C for 60 minutes,

centrifuged, and the pellet resuspended in distilled water for 30 seconds to

lyse any EA not phagocytized. Cell lysis was stopped by addition of 1 mL of

0.3 mM saline. Cytocentrifuge preparations were made, and the number of EA

phagocytized by 100 alveolar macrophages was counted using light microscopy.

Pulmonary Function Measurements

The respiratory function of 10 rats in the sham-exposed (control) group

and six of the eight exposed groups was measured at the end of the 4-week

exposure and at 2 weeks after the end of exposure. The exposed groups

included those exposed two days per week to 60, 120 or 240 mg.hr Cu-Zn/m3 per

week (60-2, 120-2 and 240-2, respectively), and those exposed 4 days per week

to achieve the same weekly cumulative exposures (60-4, 120-4 and 240-4.

respectively).

STests included a spectrum of measured and calculated parameters,

allowing evaluation of the different facets of respiratory function:

ventilation, lung mechanics, gas distribution, and alveolar-capillary gas

S transfer. The tests included assays that are sensitive and used most commonly

In humans.
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Respiratory function measurements were similar to those previously

j published (Harkema it EA.., 1982; Likens and Mauderly, 1982; Mauderly, 1982).

Tests were conducted using a 1.4 L combination flow (volume displacement) and

pressure (constant volume) plethysmograph. The plethysmograph was heated by a

resistance element and maintained at approximately 37"C. Rats were intubated

S with tracheal catheters, 5.5 cm long x 1.78 mm I.D., fabricated from 14 gauge

intravenous catheters (Cathlon IV. No. 4428, Jelco, Raritan, NJ) as

previously described (Mauderly, 1977) and positioned in the plethysmograph.

The breathing port in the plethysmograpti wall was a luer fitting (No. 6161,

Popper, New York, NY) drilled to 2.5 mm I.D. The frequency response of the

plethysmograph-respirator-tracheal catheter system was tested and found

-dequate to record forced expirations of rats. The phasing of flow, volume,

and Ptp signals was tested by oscillating volumes into and out of the

plethysmograph; no significant phase lag was detected within the frequency

range of spontaneous brepthing, the only condition in which phasing is

critical.

Flows were determined by measuring differential pressures (MP45

P transducer, Validyne, Northridge, CA) across 6 layers of 400-mesh wire cloth

covering a 1.3 cm hole in the plethysmograph wall. Volumes were calculated by

integrating flow (Model 6 pulmonary mechanics analyzer, Buxco, Sharon, CT).

In the pressure mode, used only for measurement of functional residual

capacity, the hole was sealed and volume changes were measured as pressure

changes, using the same transducer.

Transpulmonary pressure (Ptp) was measured using transducers (P231D,

Gould, Hato Rey, Puerto Rico) connected to the external airway and to a 2.2 mm

A., O.D. esophageal catheter by liquid-filled tubes. The transducer outputs were
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conditioned by a differential amplifier (Buxco), which produced outputs for

both transpulmonary and airway pressures.

A positive-negative pressure respirator system was used to induce

quasistatic and forced expiratory movements. Reservoirs (4.6 ) maintained at

+40 and -50 cm H20 were connected to the airway by solenoid valves.

Inspiratory and quasistatic expiratory flow rates were limited by needle

valves to 5 and 3 *L/second, respectively. Inspiration was stopped

automatically at a Ptp of +30 cm H20. Forced expiration was induced by

opening a valve having a 9.5 mm diameter orifice (V52DA3012, Skinner, New

Britain, CT) without intentional flow restriction between the valve and the

low pressure reservoir.

S The measurement sequence was as follows. The rats were anesthetized

with halothane in air, intubated with the tracheal catheter, and placed prone

in the plethysmograph. The esophageal catheter was Inserted and adjusted to

maximize the Ptp signal. Anesthetic depth was standardized by adjusting the

halothane concentration to yield a respiratory frequency of 55 *.5

breaths/minute. Respiratory frequency, tidal volume, minute volume, dynamic

lung compliance, and total pulmonary resistance were measured during

spontaneous breathing by the mechanics analyzer, averaged for 15-20 breaths by

a data logger (DL-12, Buxco) and displayed on a teletype terminal. The

* measurement of dynamic lung mechanics by the mechanics analyzer was identical

in principal to the method of Amdur and Head (1958).

Prior to each subsequent test procedure, the rats were hyperventilated

Swith a syringe to induce temporary apnea and to establish a uniform lung

volume history. A quasistatic exhalation was performed by inflating the lungs

to +30 cm H20 Ptp, then slowly deflating the lungs until expiratory flow
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stopped. Volume and Ptp signals were recorded on a strip-chart recorder. The

inspired volume was defined as inspiratory capacity, the expired volume as

vital capacity, and the difference as the expiratory reserve volume.

Quasistatic pressure-volume relationships were analyzed by a microprocessor

contained within the data logger, and results were displayed on a teletype

terminal. Quasistatic lung compliance was measured as the chord compliance

between the apneic lung volume and that volume +10 cm H20 Ptp.

Functional residual capacity was measured by the Boyle's Law principle
(DuBois it Al., 1956) by inducing apnea, blocking the breathing port, and

measuring airway pressure and lung volume changes as breathing resumed.

Residual volume was calculated by subtracting expiratory reserve volume from

functional residual capacity, and total lung capacity was calculated by adding

residual volume to vital capacity.

ia A forced expiration was induced by inflating the lungs to +30 cm H20 Ptp

and rapidly deflating the lung until expiratory flow stopped. The event was

analyzed by a microprocessor contained within the data logger, ad both the

flow-volume curve and several calculated variables were displayed on a

teletype terminal. These variables included forced vital capacity, peak

* -expiratory flow rate, percent of forced vital capacity expired in 0.1 second,

mean mid-expiratory flow rate, and the maximal expiratory flow rates at 10,

* 25, and 50 percent of forced vital capacity.

Diffusing capacity for CO was measured by a single breath method

(Ogilvie it al., 1957). The gas volume required to increase Ptp from

functional residual capacity to 20 cm H20 was determined, and that volume of

test gas containing 0.4 percent CO and 0.5 percent Ne in air was injected into

the lung with a syringe. After approximately six seconds, one-half the
:I
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injected volume was withdrawn from the lung and the remainder (alveolar

sample) was withdrawn into a second syringe. Gas concentrations in the

alveolar gas sample was determined by gas chromatography (Carle Model 111).

A single-breath N2 washout was performed as described above for

quasistatic exhalation, except that the test was started by deflating the

lungs to residual volume and the subsequent inflation was with 0Z instead of

air. An X-Y plot of volume exhaled versus N2 concentration (percent) of the

expirate was constructed and analyzed to calculate the slope of Phase III, the

alveolar plateau.

Hi stopathology

Ten male and 10 female rats from each exposure group listed in Table 2

were sacrificed at the end of the exposure series, the other half after the

2-week recovery period. The rats were anesthetized with halothane and

exsanguinated via cardiac puncture. Organs grossly examined, weighed, saved

in fixative, and examined microscopically are listed in Table 3.

Any rats that died before their scheduled termination were examined for

lesions and to determine the cause of death. In addition to the tissues noted

In Table 3, any lesions were fixed and examined microscopically.
.

All tissues were fixed in 10 percent neutral buffered formalin (NBF).

The lungs were instilled intratracheally with 10 percent NBF to approximately

their normal inspiratory volume. The nasal cavity was perfused with 1-3 mL of

10 percent NBF to remove air before immersion in the fixative. The stomach

was injected with 10 percent NBF and fixed for gross examination. Tissues

.5 were trimmed, embedded in paraffin, and sectioned at 5 microns with a

microtome. The sections were mounted on glass slides, and stained with

hematoxylin and eosin. Comparisons were made among the exposure groups for

040
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Table 3

Organs Grossly Examined, Weighed, Saved in Fixative,
and Examined Microscopically

Save Routine
Organs Examine egoh Tissues Histology

Hhole-Body X X
Skin X X
Breast X X
Thymus X X X
Tracheobronchial Lymph Nodes X X X
Submandibular Lymph Nodes X X
Spleen X X X
Femur plus marrow X X X
Vertebrae X X
Muscle X
Larynx X X X
Nasal Cavity X X X
Trachea X X X

- Lung X X X X
Heart X X X
Esophagus X
Stomach X X X
Liver X X X X

,. Pancreas X X
Kidney X X X X
Urinary Bladder X X X
Epididymus X X
Testes X X X

* Prostate X X
Uterus X X
Ovary X X X
Adrenal X X X
Thyroid X X X
Brain (section through thalamus) X X X
Pituitary X X
Eye X X
Lesions X X X

.4.
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presence of lesions, types of lesions, and their severity. Results are

summarized below and details are included in the Appendix.

Tissue Content of Cu and Zn

Tissue content of Cu and Zn was determined for organs most likely to

accumulate Cu and Zn as a result of the inhalation exposures to powdered Cu-Zn

alloy. The main purpose for determining tissue content of the Cu and Zn was

to model the deposition and fate of the Cu-Zn and Cu and Zn which would have

dissolved from the particles after deposition in the body. These results

would provide information essential to modeling the deposition and fate of the

same material in humans.

a. Three male and three female rats from the groups indicated in Table 2

* were designated for tissue analyses for Cu and Zn. The tissues to be analyzed

were (1) lung, (2) liver, (3) kidneys. (4) femurs, (5) muscle sample,
a-

(6) tracheobronchial lymph nodes, and (7) urine sample. He elected to analyze

samples from the group of rats from the 240-4 exposure group first, then

decide if other groups should be analyzed. The samples were analyzed using

the furnace atomic absorption procedure described below.

I. Atomic Absorption Analytical Procedures

Samples of rat tissue were dried for about 15 hours at - 1200C,

then transferred to Teflon digestion vessels containing 3 mL of ultrapure

0 concentrated HNO3, 1.0 mL of ultrapure concentrated HC1. and 0.1 mL of
ultrapure concentrated HF. Samples were next placed in a microwave oven for 6

minutes, then cooled in ice water. Cooled digestates were added to 5 mL of 5

* percent boric acid and diluted to 25 mL with 0.06 M citric acid. The diluted

solutions were assayed for copper and zinc by atomic absorption spectroscopy

using an Instrumentation Laboratories IL 951 graphite furnace atomic
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absorption instrument. The limits of detection and quantitation (American

Chemical Society Committee on Environmental Improvement, 1983), and average

recoveries of standard copper and zinc are shown in Table 4. Attempts to

measure recovery of the metal alloy powder added to animal tissues were not

successful as a result of difficulty in quantitatively transferring small

, - weights of the Cu-Zn.

* . . Tissues from sham-exposed rats were assayed for Cu and Zn and the

I ~.results are summarized in Table 5. During later routine assays of tissues

F from unexposed rats, reagent blanks and quality control samples to monitor

recovery were analyzed at a frequency of about 5 quality control samples per

30 unknown samples. Similar procedures were used for all types of samples

analyzed in Phase II.

' -" 3. Statistical Comparisons

Statistical comparisons presented in this report included analysis

of variance to detect overall differences in mean and variance. Specific

differences were measured using the Student t-statistic with appropriate

corrections for multiple comparisons according to the inequality of

Bonferroni. The number of contrasts was limited to the immediate family of

comparisons in order to prevent too many type II errors. Significant changes

with a type I error probability of 0.05 or 0.01 for the entire family of

comparisons are marked. He used the Levene test for equal variance to

determine if we should use separate or pooled variance t values in our

- comparisons. If p > 0.05 for the Levene test, we used pooled variance values;

S1for p ( 0.05, we used the separate variance t.

In addition, effects were investigated for exposure-effect
relationships, even if all or most of the differences were found not to be

. -" 43
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Table 4

Quality Control Results from Atomic Absorption Assays
(N . 42)

Detection Quantitation
Micrograms Limit Limit

Hea1n (mean * SD) - a U

Cu 0.193 a 0.19 0.77 0.031 2.11 0.084

Zn 0.186 a 0.086 0.44 0.018 1.04 0.042

NOTES:

Recovery of NBS SRM #393 (Cu) - 97.7 * 7.7% SD.

* • Recovery of NBS SRM #728 (Zn) - 101.5 a 9.5% SD.

Detection limit a mean + 3 SD of N reagent blank assays.

Quantitation limit - mean + 10 SD of N reagent blank
assays.

All reagent blank assays were 25 mL, the same as
biological samples.

-

44

0%



Table 5

Copper and Zinc Contents of
Sham-Exposed Rat Tissues

(all sham-exposed rats combined)

p~g Cu/g Sample pg Zn/g Sample

Tissue (mean i SD. n - 12) (mean * SD. n - 12)

Kidneys 14.6 * 4.7 11.0 * 6.2

Liver 2.6 * 1.3 5.6 * 3.4

Lung 1.1 * 0.1 19.8 * 2.7

LALNa 2.0 ± 0.3 18.1 * 2.9

Femurs 0.7 * 0.3 154 * 64

Muscle 0.8 * 0.2 5.2 * 3.7

aLung-associated lymph nodes.
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significant at the P - 0.95 level. In promising cases, i.e., for apparent.! exposure-effect relationships, we did a trend analysis for effects of two

exposures per week and four exposures per week. Results for trend analyses

are discussed in text and presented in detail in Appendix E.

VI. RESULTS

A. Exposure Aerosol Chamber Distribution Evaluations

Table 6 summarizes the temporal and spatial variation of aerosol

concentrations within the two nose-only exposure chambers. He define the

temporal variation as the variation with time at a given position and the

spatial variation as the variation from location to location at a given time

*_ or average over a given time period. The temporal variation was calculated

from data for a given position from all test runs, and the spatial variation

was calculated from average concentrations of all sampling locations. Table 6

indicates that the temporal and the spatial variation for both exposure

chambers was less than 10 percent and air concentrations of the Cu-Zn were

close to the target concentrations of 10 and 40 mg Cu-Zn/m 3.

The average aerosol concentrations at sampling locations are shown

in Figure 5 for the chamber used to deliver 10 mg Cu-Zn/m 3, and Figure 6 for
%-

the chamber used to deliver 40 mg Cu-Zn/m3. The concentration distribution

* within the chamber was relatively uniform and a two-way analysis of variance

for all 22 sampling locations (including side-to-side, top-to-bottom and

back-to-back) did not indicate any significant differences among the sampling

positions within either exposure chamber.

- The aerosol size distributions as determined using the Lovelace

multijet cascade impactor during the chamber aerosol distribution evaluations
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Table 6

Coefficient of Variation for Aerosol Distribution
Without Animals Present in Exposure Chambers

Aerosol Concentration of Cu-Zn

Measurement 10 ma/m 3  40 mg/m 3

Temporal Variation 8.5 * 2.9%a 7.0 . 3 .7%a
(3.2% 13.9%)b (2.9% 18.0,) b

Spatial Variation 3.9% 6.8%

Mean Concentration 10.3 mg/m 3  39.9 mg/m 3

aMean a standard deviation for the coefficient of variation.

"~., bRange for coefficient of variation.

a,

I,

P.
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Figure 5. Cu-Zn Alloy Powder Aerosol Concentrations (Mean * SE) atDefined Sampling Points for 96-Port Chamber Used for 10 mg Cu-Zn Alloy/m3
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Figure 6. Cu-Zn Alloy Powder Aerosol Concentrations (Mean * SE) at
Defined Sampling Points for 96-Port Chamber Used for 40 mg Cu-Zn Alloy/m
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are indicated in Table 7. These results were similar for both aerosol

concentrations and were comparable to those from Phase I of this project,

where we generated aerosols having 100 mg Cu-Zn/m 3.

B. Aerosol Characterization During Exposures

Figure 7 shows the daily aerosol concentrations for both exposure

chambers over the 5 week period of rat exposures. The overall aerosol

concentrations (mean * SD) were 10.2 * 1.2 mg Cu-Zn/m 3 and 41.5 * 3.6 mg

Cu-Zn/m 3. We maintained daily aerosol concentrations within 30 percent of the

target aerosol concentrations, and the overall coefficient of variation was

less than 15 percent.

ATable 8 shows the accumulated weekly exposures and the mean aerosol

concentration for each group of rats. Mean aerosol concentrations were within

6 percent of the target values for all 8 groups of rats, and the coefficients

of variation were all less than 15 percent.

The aerosol size distributions, as determined by the m143 cascade

impactor samples during the 5 weeks of exposures are listed in T'ables 9 and

10. Table 9 shows the aerosol size distributions for each exposure group;

Table 10 is the summary for all groups combined. Analysis of variance

indicated there were no significant size differences between the two exposure

chambers (F - 0.34; P > 0.05) or among the eight exposure groups (F . 0.74;

P > 0.05).

C. Observations Durina and After Exposures

Animal Deaths During Exposure

Five rats, all females, died during the four-week exposure. The

code ;FD" in the "assignment code" for Appendix C indicates which rats these

were. The deaths were accidental, the result of the animals turning around

. %
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Table 7

Aerosol Size Distribution During
Chamber Aerosol Distribution Evaluation

Aerosol Concentration of Cu-Zn

(10 mOOiL 3) (40 ma/m3

MMADa 1.22 * 0.44 1.00 * 0.19
(1.22 * 0.18) (1.00 * 0.13)

ogb 3.01 * 0.70 4.19 * 0.37
(3.01 a 0.29) (4.19 * 0.26)

aMass median aerodynamic diameter in micrometers.
A Mean a SD (mean a SE).

bGeometric standard deviation.
Mean a SD (mean a SE).

S

4

I

[~



Figure 7. Aerosol Concentrations of Cu-Zn Alloy Powder During
the 35 Days of Rat Exposures
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Table 8

Summary of Cu-Zn Alloy Powder Exposure
Atmosphere Concentrations for Phase II

Aerosol Concentration (mg/mn)HWeekly

Experiment mM.hrm 3  i SD C.V. M Na

4269 30-2b 10.1 * 1.3 13 8

4271 60-2 9.9 ± 0.9 g 11c

4273 60-4 10.4 * 1.5 14 16

4270 120-2 41.4 * 5.0 12 8

4275 120-4 9.8 ± 1.3 13 16

4272 240-2 40.1 ± 2.8 7 8

4274 240-4 41.6 ± 2.8 7 16

4276 480-4 42.7 ± 5.8 14 32d

aNumber of filter samples, typically one per exposure day.

bThe first number indicates the weekly exposure level in
mg-hr Cu-Zn/ms and the -2 and -4 indicates there were
2 or 4 exposures per week.

COn three exposure days, two filter samples were collected.
One sample during the first half of the exposure, the second
sample during the last half of the exposure. One filter was
collected per day for the other 5 exposure days.

dTwo filters were collected per exposure day.

53b
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Table 9

Aerosol Size Distribution of Cu-Zn Alloy Powder
for Each Exposure Group (Experiment)

Experiment MMADa __ 
b

4269 0.93 * 0.16 3.42 * 0.22
(0.93 * 0.06) (3.42 * 0.08)

4271 1.19 * 0.28 3.03 * 0.29
(1.19 * 0.10) (3.03 * 0.10)

4273 1.20 * 0.30 3.15 * 0.37
(1.20 * 0.08) (3.15 * 0.09)

4270 1.06 a 0.28 3.28 a 0.58
a (1.06 a 0.09) (3.28 a 0.19)

4275 1.12 a 0.21 3.02 a 0.25
(1.12 a 0.05) (3.02 a 0.06)

4272 1.32 a 0.37 3.04 a 0.67
(1.32 a 0.13) (3.04 a 0.24)

4274 0.97 a 0.24 3.39 a 0.37
(0.97 a 0.06) (3.39 a 0.0)

4276 0.96 a 0.32 3.41 a 0.56
(0.96 a 0.06) (3.41 * 0.11)

aMass median aerodynamic diameter in micrometers.
Mean a SD (mean a SE).

bGeometric standard deviation.
*Mean a SD (mean a SE).
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Table 10

Aerosol Size Distribution of Cu-Zn Alloy Powder
During 5 Heeks of Exposure

Aerosol Concentration of Cu-Zn Alloy

10 mgm 3  40 mo/m 3
'p

MMADa 1.18 * 0.28 1.02 ± 0.31
(1.18 * 0.04) (1.02 * 0.04)

agb  3.07 ± 0.36 3.37 * 0.56
•g-'(3.07 ± 0.05) (3.37 * 0.07)

. aMass median aerodynamic diameter in micrometers.
Mean ± SD (mean ± SE).

bGeometric standard deviation.
Mean ± SD (mean ± SE).

.1
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in their exposure tubes and asphyxiating. No deaths occurred during the study

directly as a result of inhalation of the Cu-Zn.

Body and Organ Weights

Body weight results for the nine experimental groups are presented

in Figure 8a, b, and c, and Table 11. The typical pattern for body weight

changes was an initial drop in body weight during the first few days of the

exposure series, followed by stabilization and an increase in body weight,

especially after the exposures ended. The solid symbols in Figures 8a, b, and

c indicate body weight the morning following an exposure, the open symbols

-. indicate body weight two days after an exposure. The cyclic patterns of body

weight reflect the short-term influence of exposure on body weight. On

* exposure days, the body weight dropped or did not increase; during the days

between exposures, the body weight increased.

These rats had been randomized for exposure groups on the basis of

body weight. The nine experimental groups had the same average initial body

weight as a result of that process. During the time between randomization and

the first exposure (about one week) the groups became slightly, but

significantly different, in body weight. To allow an appropriate comparison

among the groups, body weight for each rat was expressed as a percentage of

or, .the body weight on the day before its first exposure. Next, an analysis of

* variance comparing males and females in terms of their normalized body weights

over the course of the study was done. The result indicated no significant

differences for males versus females and they were combined to produce Table
0 11. For unknown reasons. body weights were higher for rats exposed to Cu-Zn

than-for sham-exposed rats in many of the comparisons. Those differences were

Z . judged to be of no consequence and were ignored in evaluating toxic effects of
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Figure Ba. Body Weight Summary for Rats (Mean * SE)
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Figure 8c. Body Height Sumary for Rats (Mean ±SE)
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the inhaled Cu-Zn. Significant decreases in body weight that reflected

' morbidity due to inhalation of the Cu-Zn occurred only with exposure levels of

240-2, 240-4, and 480-4. In comparisons of 2 days exposure per week versus 4

days exposure per week, a greater body weight loss occurred for days 9 and 16

for-the 120-4 group and for days 2, 9, and 16 for the 240-4 group. Stress

during 2 versus 4 days exposure only accounts for part of the differences in

body weight between 2 and 4 days exposure per week to 120 and 240 mg.hr

Cu-Zn/m 3. A significant part of the more pronounced decrease in body weight

7! with exposures 4 days per week was due to receiving the total exposures to

Cu-Zn in four increments rather than two.

Lung, liver, spleen, kidney, and thymus weights were evaluated at

the end of the exposures and after the recovery period. The only organ that

changed significantly as a result of the exposures to Cu-Zn was the lung.

Figure 9 presents the results for lung; the results for these tissues for

individual rats are summarized in Appendix D. A trend analysis (Appendix E)

was used to determine if differences existed in lung responses of males and

females and to determine if exposure-related responses were different if

exposures were two days per week versus four days per week. Lung weights for

both male and female rats showed significant exposure-related increases,

despite the fact that not a single difference with the weights of sham-exposed

animals was significant at the end of exposure for males and females. The

only statistically significant difference was seen in the 120-2 group for

females, after recovery, where the lung weights were smaller than for controls

(P ( 0.05). For both males and females, the slope of a linear function fitted

to the data was the same within the error (Appendix E). After the recovery
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Figure 9. Lung Height Comparisons for Rats (Mean * SE)
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* Student t-test for equal variances was used. Probability values were
adjusted for multiple comparisons using Bonferroni's inequality.
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period, the lung weights still showed a reduced effect with a slope a little

more than one third of the initial value.

Lavage Fluid Biochemistry and Cytology

Results for alkaline phosphatase, beta-glucuronidase, lactate

dehydrogenase (LDH), pulmonary alveolar macrophages, polymorphonuclear

leukocytes, protein, and collagen in lung lavage fluid are summarized in

Figures 10 thru 16. There was an exposure-related inflammatory response

evident at the end of exposure. This was shown by exposure-dependent

increases in lavage fluid beta-glucuronidase (Figure 11), LDH in lavage fluid

(Figure 12), inflammatory cells in lavage fluid (Figures 13 and 14), and

protein in lavage fluid (Figure 15). In all cases where significant

differences occurred, values had returned to normal by the end of the recovery

period.

There was no increase in alkaline phosphatase (Figure 10),

suggesting that Type II cell hypersecretion did not occur. Despite

significant differences in several comparisons, no exposure-related trend was

evident or established by fitting a straight line to the data for all animals

(Appendix E). This resulted from the fact that animals exposed only twice per

week showed no significant effects, whereas animals exposed four times per

week did show an apparent trend toward lower values for increasing exposures.

The fits to these reduced data sets (not shown) were uncertain and slopes were

not different from zero in either case.

A clear exposure-effect relationship is evident for beta-

glucuronidase in Figure 11, with a total recovery after two weeks. Results

for a trend analysis for these data are shown in Appendix E. The slope
measured in units of mIU/(mg-hr Cu-Zn/m3) was 0.110 ± 0.018 (mean ± SD) for
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Figure 10. Alkaline Phosphatase Content of Lung Lavage Fluid
(Mean * SE)
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- NOTE: Groups were compared using the Student t-test for unequal
variances when Levene's test indicated the variances were not the same.
When Levene's test did not show differences between the variances, the
Student t-test for equal variances was used. Probability values were

* adjusted for multiple comparisons using Bonferroni's inequality.
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Figure 11. Beta Glucuronidase Content of Lung Lavage Fluid
(Mean * SE)
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Figure 12. Lactate Dehydrogenase Content of Lung Lavage Fluid(Mean * SE)

3000 b
S2800" " -- END OF EXPOSURE

2800/, AFTER RECOVERY
.J 2600.b
ILL
W 2400 T
0
< 2200- a b

-J 2000-
Z_ b

W
< 1600-
'J 1400-

le CD

0 1200-

> 1000-.
-- --I-; C

400-/
-J

S 200-

SHAM 60-2 60-4 120-2 120-4 240-2 240-4

EXPOSURE GROUP
a - Different from shams, p 0.05.

b - Different from shams, p ( 0.01.

c - Different from same exposure delivered 2 days/week, p < 0.05.
NOTE: Groups were compared using the Student t-test for unequal
variances when Levene's test Indicated the variances were not the same.
W-hen Levene's test did not show differences between the variances, the
Student t-test for equal variances was used. Probability values were
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Figure 13. Pulmonary Alveolar Macrophage Numbers in Lung Lavage Fluid

(Mean * SE)
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Figure 14. Polymorphonuclear Leukocyte Numbers in Lung Lavage Fluid
(Mean * SE)
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Figure 15. Protein Content of Lung Lavage Fluid
(Mean * SE)
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69

A]5.,



Figure 16. Collagen Content of Lung Lavage Fluid
(Mean * SE)
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all animals together; it was 0089 * 0.019 for animals exposed twice, and

j0.121 * 0.012 for animals exposed four times. Again, the difference between

the effects of the two exposure frequencies was not significant, but the

effect for two exposures weekly was less than that of four exposures per

week. For LDH (Figure 12 and Appendix E, Figure E-5), a strong

exposure-effect relationship was evident, but the effects disappeared by the

end of the recovery period.

Significant changes were observed in numbers of pulmonary alveolar

* . macrophages at the end of exposure (Figure 13), but only one exposure group

(120-2) was different from sham-exposed rats after the recovery period. The

trend analysis (Appendix E) indicated there was no exposure-response for this

endpoint.

A significant trend was clearly evident for polymorphonuclear

leukocytes (Figure 14), although some rather large errors made the apparent

differences not significant. A trend analysis (Appendix E) indicated an

exposure-response relationship at the end of the four-week exposure. After

the recovery period, no effects were discernible.

* -Protein content of lavage fluid also showed an exposure-effect

relationship (Appendix E) at the end of the exposures, but complete recovery

* after the two-week recovery period (Figure 15).

The effects of the same cumulative exposure were greater for many

lavage fluid constituents if the exposure was delivered 4 days per week

instead of 2 days per week (Appendix E). This can be stated for beta-glucuron-

idase, for LDH, for polymorphonuclear leukocytes, for protein, and for

collagen. This cannot be stated for alkaline phosphatase or numbers of

- pulmonary alveolar macrophage. In 17 of 21 comparisons of responses for
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exposures 4 days versus 2 days per week (Appendix E, Figures E-1 thru E-13),

the responses were more intense when exposures were 4 days per week.

Lavage fluid collagen (LFC) was significantly elevated only in rats

exposed to the 240 level in 4 days (Figure 16). Other LFC values appeared

A elevated but were not significantly different from the sham-exposed rats.

"I. ~ These changes indicate that level of exposure produced sufficient lung injury

to increase the turnover of the extracellular collagenous matrix. Both the

content and the specific content per unit body weight showed exposure-effect

relationships at the end of exposure (Appendix E. Figure E-9) that resolved

during the recovery period.

'. Lungs of rats exposed to 240 mg.hr Cu-Zn/m3 for 2 days per week

were analyzed for total lung collagen. Total lung collagen was not altered in

that group (Figure 17), as compared with the control group.

Hematology

No significant changes were observed in the hematology results as a

consequence of exposures to the Cu-Zn at the end of exposure or-after the

recovery period. Detailed results for the hematology measurements are

included in Appendix D.

Immunology

In comparison to sham-exposed controls, total cells present in the

0
lung-associated lymph nodes (Figure 18) were significantly elevated in the

. 120-4, 240-2, and 240-4 exposure groups when they were examined at the end of

the 4-week exposure period. However, this change was not permanent, and after

0. the 2-week recovery period the number of cells present in the lung-associated

lymph nodes from all exposure groups was not different from the sham-exposed

rats. As indicated in the trend analysis (Appendix E), an exposure-response

0
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0" 7

Aw'



V Figure 17. Total Lung Collagen in Rats (Mean ±SE)
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Figure 18. Total Numbers of Cells in Lung-associated Lymph Nodes
(Mean * SE)
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Probability values were adjusted for multiple comparisons using
Bonferroni 's inequality.
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relationship was observed, but there was no clear indication that exposures 2

or 4 days per week produced different responses.

Figures 19 and 20 present results for numbers of antibody-forming

cells in lung-associated lymph nodes expressed as total numbers of cells, and

as numbers of antibody-forming cells per million lymphocytes. A trend

analysis (Appendix E) indicated an exposure-response relationship for the

total antibody-forming cells at the end of exposure. The numbers of IgM

antibody-forming cells/million lymphoid cells in the lung-associated lymph

nodes were not significantly different from responses in sham-exposed

controls. Only the 120-4, 240-2, and 240-4 exposure groups had apparent

reduced numbers of antibody-forming cells after the two week recovery period.
e

These differences were also not significant and there were no exposure-

S-" response trends in data at the end of the recovery period.

PhagocYtosis

Significant depression of phagocytosis of opsonized sheep red blood

cells (EA) by pulmonary alveolar macrophages (PAM) occurred at the end of

*exposure only at the 240-4 exposure level (Figure 21). Although only one

, .exposure group had a difference that was of statistical significance, a trend

toward lower values with increasing exposures seemed possible. Results of

*trend analyses to evaluate these results are presented in Appendix E. A fit
'" with a linear function showed negative slopes [EA/l00 cells per (mg.hr

Cu-Zn/m3)] of (-1.1 * 0.5) and (-0.7 * 0.3) with significance levels of 0.08

.." and 0.06 frr the null hypothesis, respectively. Together, since both slopes

; iwere negative at the 0.1 level of significance, these data constitute evidence

for the prPsence of a small negative correlation of the effects with exposure.

4
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Figure 19. Numbers of Antibody-forming Cells (AFC) in
Lung-associated Lymph Nodes

(Mean SE)
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Figure 20. Numbers of Antibody-forming Cells (AFC) Per Million
Lymphocytes in Lung-associated Lymph Nodes

*(Mean SE)
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N Figure 21. Number of Opsonized Sheep Red Blood Cells (EA) Phagocytized

Per 100 Pulmonary Alveolar Hacrophages (Mean * SE)
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* NOTE: Groups were compared using the Student t-test for unequal
variances when Levene's test indicated the variances were not the same.
When Levene's test did not show differences between the variances, the
Student t-test for equal variances was used. Probability values were
adjusted for multiple comparisons using Bonferroni's inequality.
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Pulmonary Function

The 240-2 and 240-4 groups were the only exposure groups having

values significantly different from those of the controls at either

measurement time (Table 12; Figures 22-25). At the end of exposure, these

groOps had smaller, stiffer lungs and less efficient alveolar-capillary gas

exchange than the controls. These three principal changes are illustrated by

" graphs of total lung capacity (lung volume), quasistatic chord compliance

(lung stiffness) and carbon monoxide diffusing capacity (gas exchange) in

Figures 22-25. Both total lung capacity and vital capacity were reduced by

exposure to Cu-Zn, but the vital capacity/total lung capacity ratio was not.

S The functional residual capacity was increased slightly in the 240-2 group and

significantly in the 240-4 group. The functional residual capacity/total lung

capacity ratio was increased significantly in both groups. An increased

elastic recoil (stiffening) of the lung was demonstrated by a reduced

quasistatic lung compliance. The effect was not sufficiently severe to reduce

lung compliance during tidal breathing. The impaired alveolar-cipillary gas

exchange was demonstrated by a reduced CO diffusing capacity. Diffusing

capacity remained significantly reduced when normalized for the reduced lung

volume.

Similar trends were observed in all the other exposed groups, but

to a lesser extent and observables were not statistically different from

sham-exposed controls. The mean CO diffusing capacity of the 120-4 group was

identical to that of the 240-2 group, but the slightly higher variance made

the difference significant at only p ( 0.10.

Significant differences from control values were observed in the

forced expiratory data of the 240-4 group; however, these differences did not
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Figure 22. Total Lung Capacity
(Mean * SE)
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Probability values were adjusted for multiple comparisons using
Bonferroni's inequality.
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il Figure 23. Quasistatic Chord Compliance
(Mean SE)
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the variances, the Student t-test for equal variances was used.
Probability values were adjusted for multiple comparisons using

* Bonferroni's inequality.
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Figure 24. Carbon Monoxide Diffusing Capacity

(Mean , SE)
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Figure 25. Percent Forced Vital Capacity Exhaled
in 0.1 Seconds (Mean * SE)

ENENOOFEPOSURE

80- AFTER RECOVERY
a

60 /

//

w 40 /

0/7

20 HAM 30 - 6X-4 120-2 -120-4 240-2 24-

EXPOSURE GROUP

0
a *Different from sham-exposed rats, p 0.01. The treated group was

compared with the sham-exposed group using the Student t-test for
unequal variances when Levene's test indicated the variances were
not the same. When Levene's test did not show differences between
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* Probability values were adjusted for multiple comparisons using
Bonferroni 's inequality.
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indicate restriction of airflow. Forced vital capacity was reduced, but

expiratory flow rates were not reduced by exposure. The values for expiratory

events normalized by volume, therefore, were higher for the 240-4 group.

These included the percent of forced vital capacity exhaled in 0.1 sec

(Figure 25) and the peak flow and flow at 50 percent vital capacity normalized

by volume. These significant differences did not indicate a deleterious

change, other than the reduction of lung volume.

At 2 weeks after exposure, residual trends toward the changes described

7 above were observed, but only the quasistatic lung compliance of the 240-4

group remained as a significant difference from control values (Figure 23).

ta Hstoathlola

No significant toxicant-related lesions were microscopically evident in

" the trachea, larynx, testes, heart, stomach. brain. adrenal glands, mandibular

lymph nodes, spleen, kidney, liver, thyroids, urinary bladder, ovaries, or

bone of rats in any of the exposed groups. A lesion that occurred with a high

frequency in this study was lacrimal duct inflammation. This lesion occurred

with similar incidence and severity in all experimental groups, including

sham-exposed rats. Such inflammation is a frequently observed low grade

lesion in rats, although detailed descriptions of its nature and incidence are

not found in the literature. This lesion was not produced specifically by

exposure to the Cu-Zn. He summarized information about this lesion in

Appendix G, but not in Table 13, which identifies specific lesions produced by

exposure to Cu-Zn, frequency of the lesions, and an average severity rating

for those lesions.

Exposure-related lesions occurred in tracheobronchial lymph nodes and

thymuses of rats exposed to 240 or 480 mg.hr Cu-Zn/m 3. Significant lesions
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°* related to inhalation of Cu-Zn were limited to the nasal cavity and lung.

These lesions are summarized below and details for each rat are presented in

the Appendix.

(1) Lesions in Nasal Cavity.

Atrophy of the olfactory epithelium and goblet cell

hyperplasia were toxicant-induced nasal lesions that were only observed in all

rats exposed to the Cu-Zn. Atrophy was characterized by marked thinning of

the olfactory epithelium along the mid-dorsal aspect of the nasal septum and

maxilloturbinates. Many of the remaining olfactory epithelial cells had

abnormal cytoplasmic vacuolation. Goblet cell hyperplasia and hypertrophy

were prominent in the ciliated respiratory epithelium lining the anterior

portion of the nasal septum and occasionally the epithelium lining the

anterior portion of the maxilloturbinate. Severity of the lesions increased

as exposure level increased (Appendix E). Olfactory epithelium atrophy

completely resolved by the end of the recovery period in rats exposed to less

than 240 mg.hr Cu-Zn/m3 per week. A similar recovery was observed for the

goblet cell hyperplasia.

(2) Lesions in Lung.

Three principal alterations were present in the lungs of rats

after exposure to Cu-Zn:

(a) Multifocal necrotizing alveolitis

(b) Alveolar macrophage hyperplasia

(c) Goblet cell hyperplasia of bronchial and bronchiolar

,2 epithelium

All three types of pulmonary lesions were present in rats that

had weekly exposures to 120 mg.hr Cu-Zn/m 3 or more; alveolar macrophage
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hyperplasia was produced in all exposure groups. As presented in Appendix E,

exposure-responses existed for all three types of lesions.

The multifocal necrotizing alveolitis was actually found only

in the lungs of rats that had weekly exposures of 120 mg.hr Cu-Zn/m 3 or

higher. The alveolitis was associated with the centriacinar region of the

lung lobule, the terminal bronchioles, proximal alveolar ducts, and adjacent

alveoli. Peribronchiolar interstitium and alveolar septa in these regions

were widened due to an infiltration of mononuclear cells and neutrophils.

Numerous neutrophils and macrophages were also present in bronchiolar and

alveolar airspaces. A key feature of this lesion was necrosis of neutrophils,

macrophages, and, occasionally, septal cells. Incidence and severity of this

-lesion were related to exposure level. The frequency or duration of exposure

-%. did not influence the severity of the lesion; however, exposure group 120-2

had an incidence of 1/10 and exposure group 120-4 had an incidence of 4/10,

-suggesting there may be a relationship between exposure frequency and response

when exposure levels are moderate. In rats examined two weeks after the

'exposures to Cu-Zn, no alveolitis was present, Indicating this lung lesion,

which was observed immediately after the higher-level exposures to Cu-Zn, did

not persist.

In a high percentage of the rats in groups exposed to 60, 120,

and 240 mg.hr Cu-Zn/m 3 per week, alveolar macrophage hyperplasia was a

consistent finding immediately after exposure and after the allowed recovery

[* period of two weeks. Alveolar macrophage hyperplasia was not observed in the

lungs -of sham-exposed rats, and was only infrequently observed in the lungs of

the 30-2 exposure group.
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Increased numbers (hyperplasia) of goblet cells within the

bronchial and bronchiolar epithelia were only consistently observed in rats

exposed to 120 mg.hr Cu-Zn/m 3 or more per week and examined immediately after

- . the end of exposure. This change was observed in pulmonary airways of only

one-rat (240-2 group) after the two week recovery period, indicating the

lesion essentially fully resolved during that period.

Tissue Content of Cu and Zn

He had preliminary indications that the Cu-Zn inhaled by these rats

cleared rapidly from the lung and therefore would not be present in

significant quantities in any tissues. The decision was made to complete

analyses for all tissues and urine only for the sham-exposed rats and the rats

exposed to achieve the exposure level designated 240-4. These were the rats

exposed to 40 mg Cu-Zn/m3, 1.5 hr/day, 4 days/week. Individual values are

presented in Appendix E. Table 14 presents results for tissue samples

collected three days after the last exposure, Table 15 presents results for

tissue samples collected after the recovery period, and Table 16 contains the

net tissue content of Cu and Zn. Analysis of urine was complicated by small

sample size. Only milligram quantities of urine could be adequately collected

from the urinary bladder because the rats invariably urinated during the

anesthesia procedure. There was no statistically significant difference from

control values for urine content of Cu and Zn. Individual values for urine

content of Cu and Zn are presented in Appendix E, but not included in Tables

14-16.

Lungs and lung-associated lymph nodes were the only samples that

contained amounts of Cu significantly different from the sham-exposed rats.

The amounts of Cu and Zn in lung were very low at the end of the 4-week
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Table 14

Atomic Absorption Results (pg metal/gram of sample) at the End
of Exposurea for Cu and Zn Content of Tissues Froq

Sham-exposed Rats and Rats Exposed to 40 mg Cu-Zn/m
1.5 Hours/Day. 4 Days/Week, for 4 Weeks

(N - 6)

Sham-exposed Rats Cu-Zn-exposed Rats

, -Tissue Valu Cu Zn Cu+Zn Cu Zn CU+Zn

Kidneys Mean 13.4 8.8 22.2 17.4 9.5 26.9

- SE 1.7 1.7 3.0 1.8 1.4 2.7

Liver Mean 2.7 6.7 9.4 3.1 9.0 12.1

SE 0.6 1.9 2.3 0.8 2.1 2.9

Lung Mean 1.2 19.7 20.9 3.5c  18.5 22.0

SE 0.1 1.2 1.2 0.3 3.4 3.3

LALNb Mean 2.2 19.2 21.4 3.3c  16.6 19.9

SE 0.3 1.5 1.6 0.2 6.5 6.7

-. Femurs Mean 0.8 146 147 0.6 149 150

,. SE 0.2 32 91 0.1 42 42

Muscle Mean 0.8 6.7 7.5 0.8 5.0 5.8

SE 0.1 1.9 1.9 0.1 1.1 1.2

aSamples collected 3 days after the last exposure.

bLung-associated lymph nodes plus supportive tissue.
Cp ( 0.01 for statistical comparison with sham-exposed rats. The treated

group was compared with the sham-exposed group using the Student t-test for
"/. unequal variances when Levene's test indicated the variances were not the
.. same. When Levene's test did not show differences between the variances,

the Student t-test for equal variances was used. Probability values were
adjusted for multiple comparisons using Bonferroni's inequality.
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Table 15

Atomic Absorption Results (pg metal/gram of tissue)
After the Two-week Recovery Period for Cu and Zn Content
of Tissues from Sham-exposed Rats and Rats Exposed to

*! 40 mg Cu-Zn/m3, 1.5 Hours/Day, 4 Days/Week, for 4 Weeks
(N. -6)

Sham-exposed Rats Cu-Zn-exoosed Rats

Tissue Wlue Cu Zn Cu+Zn Cu Zn Cu+Zn

Kidneys Mean 15.8 13.2 29.0 15.6 10.4 26.0

SE 2.1 3.0 4.3 2.4 2.3 2.4

Liver Mean 2.4 4.6 7.0 4.1 13.8 17.9

SE 0.4 0.5 0.9 0.5 2.5 2.9

Lung Mean 1.1 19.8 20.9 2.2b 16.0 18.2

SE 0.1 1.1 1.1 0.2 1.4 1.4

LALNa Mean 1.7 17.0 18.8 2.5b 16.6 19.1

SE 0.1 0.7 0.7 0.1 4.7 4.7

U Femurs Mean 0.7 163 163 0.8 99 100

SE 0.1 22 22 0.1 24 24
1%

Muscle Mean 0.8 3.6 4.4 0.9 5.2 6.1

* SE 0.1 0.5 0.5 0.1 1.1 1.1

aLung-associated lymph nodes plus supportive tissue.

bp ( 0.01 for statistical comparison with sham-exposed rats. The treated
group was compared with the sham-exposed group using the Student t-test for
unequal variances when Levene's test indicated the variances were not the
same; When Levene's test did not show differences between the variances,
the Student t-test for equal variances was used. Probability values were
adjusted for multiple comparisons using Bonferroni's inequality.
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Table 16

Atomic Absorption Results (Vg metal/gram of tissue) for Net Tissue
Content of Cu and Zn for Tissues from Rats Exposed to
40 mg Cu-Zn/m 3, 1.5 Hours/Day, 4 Days/Week, for 4 Neeks

(Results were calculated from Tables 15 and 16)

Net Micrograms of Metal per Gram of Tissue

Cu Zn Cu+Zn

Nb

Tissue EREC EOE REC EOE REQ

Kidneys 4.0 -0.2 0.7 -2.8 4.7 -3.0

Liver 0.4 1.7 2.3 9.3 2.7 10.9

* Lung 2.3 c  1.1c -1.2 -3.8 1.1 -2.7

LALNd 1 .1 c 0 .8c -2.6 -0.4 -1.5 0.3

Femurs -0.2 0.1 3.0 -64 3.0 -63

Muscle -0.02 0.1 -1.8 1.6 -1.8 1.7

aSamples collected for analysis 3 days after the last exposure.

bAfter the two-week recovery period following the 4-week exposure.

Cp < 0.01 for statistical comparison with sham-exposed rats. The treated
group was compared with the sham-exposed grout using the Student t-test for
unequal variances when Levene's test indicated the variances were not the
same. Nhen Levene's test did not show differences between the variances,
the Student t-test for equal variances was used. Probability values were
adjusted for multiple comparisons using Bonferroni's inequality.

dLung-associated lymph nodes plus supportive tissue.
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exposure series, suggesting a very rapid clearance of the Cu-Zn after

deposition in the lung during the 4-week exposure series. There were no

significant differences in tissue content of Cu and Zn after the recovery

period for comparisons between sham-exposed and rats exposed at this level.

Results for all other exposure levels were projected to be comparable to these.

VII. SUMMARY AND CONCLUSIONS

This study evaluated biological responses to a respirable powder of

Cu-Zn alloy (Cu-Zn) inhaled by male and female F344/N rats. The exposures

were designed to provide exposure-response data and evaluate the effects of

aerosol concentration, exposure frequency, and exposure duration on biological

effects produced by the inhaled Cu-Zn. Aerosol concentrations were 10 and 40

mg Cu-Zn/m 3. Exposures were defined in terms of cumulative weekly exposures,

which were the product of:

(mg Cu-Zn/m3) x (1.5 or 3 hours/day) x (2 or 4 days/week)

Therefore, units of exposure were mg.hr Cu-Zn/m3 per week. Expssures were for

4 weeks, followed by a 2-week recovery period. Cumulative weekly exposures

were 0, 30, 60, 120, 240, and 480 mg.hr Cu-Zn/m3. Hithin the 9 exposure

*, groups were 3 pairs of groups that received the same cumulative weekly

exposures in 2 or 4 days/week; these were 6C, 120, and 240 mg.hr Cu-Zn/m 3 per

week.

In presenting results of this study, comparisons between specific groups

of rats exposed to Cu-Zn and the sham-exposed rats were given. However, for

most of the evaluations, we also did a trend analysis to demonstrate if a

linear relationship existed between exposure and response. Our presentation

of the results used both kinds of analytical treatment to help understand
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which exposure levels produced significant responses relative to the

sham-exposed rats, and also to determine if exposure-response relationships

existed. with or without the presence of individual differences among

experimental groups.

No rats died as a result of inhalation of Cu-Zn. Rats were weighed

twice per week during the study. After the 4 weeks exposures, and again after

the 2-week recovery period, specific endpoint evaluations were made with rats

exposed to 0, 60. 120, and 240 mg.hr Cu-Zn/m 3 per week to determine biological

effects of the Inhaled Cu-Zn. Evaluations included atomic absorption analyses

to determine the amounts of Cu and Zn in specific tissues, analyses of
9.

bronchoalveolar lavage fluid, hematology, immunology, and phagocytic ability

*ii of pulmonary alveolar macrophages. Histopathological evaluations were done

for all groups of rats. The pulmonary function measurements were conducted on

male rats before, during, and immediately after the 4-week exposures, as well

.7 as after the 2-week recovery period.

The amounts of Cu and Zn in kidneys, liver, lungs, lung-associated lymph

nodes (LALN), femurs, and a sample of skeletal muscle of the group of rats

exposed to 40 mg Cu-Zn/m 3, 1.5 hours/day, 4 days/week were measured by atomic

absorption analysis. Lungs and LALN were the only tissues that contained

amounts of either metal significantly different from those of sham-exposed

4. rats. The amounts of Cu and Zn in these tissues were much lower than

expected. Average values for mass median aerodynamic diameter and geometric

standard deviation of the Cu-Zn aerosols inhaled by this group of rats were 1

um and 3.4. respectively.

- The daily pulmonary deposition of the aerosol was approximated as

follows, based on generally accepted assumptions about respiratory parameters
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and fractional pulmonary deposition in rats. Assuming an average respiratory

minute volume of 0.2 L/minute, and a fractional pulmonary deposition of 0.05,

lung deposition of the Cu-Zn should have been on the order of 30-40 pg/day, or

a total of about 500 pg (300 pg Cu and 200 pg Zn) for the 16 days of

epesure. The net lung burdens of the inhaled Cu in the exposed rats three

days after the last exposure averaged 2.3 pg Cu/gram of lung (lung weight

about 1 g). These Cu burdens were significantly different from those of

controls, but the Zn burdens in the same lungs were not different from those

of controls. The fact that lung burdens of the Cu-Zn exposure material were

so small clearly indicates a very rapid clearance of the inhaled material

after its deposition in lung.

The body weights were significantly less for rats exposed to 240 and 480

mg.hr Cu-Zn/m 3 per week than for sham-exposed rats. Body weights for rats

exposed 4 days per week to achieve the weekly cumulative exposures of 120

mg.hr Cu-Zn/m3 were not different from body weights of sham-exposed rats

exposed 3 hr/day, 4 days per week. However, during the first two weeks of

exposures to 120 mg.hr Cu-Zn/m 3 per week (also for rats exposed to 240 mg.hr

Cu-Zn/, 3 per week), body weight was adversely affected more by exposures 4

days per week than by exposures 2 days per week. This suggests that the

morbidity effect of reduced body weight associated with exposures to Cu-Zn was

accentuated if exposures were 4 days per week for a given cumulative exposure

to the Cu-Zn.

Lung weights were significantly increased in rats exposed to 120 mg.hr

Cu-Zn/m3 or more per week, delivered over 4 days per week. Also, the lung
weights for female rats exposed to 240 and 480 mg.hr Cu-Zn/m 3 (4 days/week)

and males exposed to 480 mg.hr Cu-Zn/m 3 per week were still significantly high
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after the recovery period. The increased lung weights were associated with

inflammatory responses caused by the inhaled Cu-Zn. As indicated below for

the bronchoalveolar lavage fluid indicators of damage and the histopathology

evaluations, the inflanunatory responses were substantially resolved after the

2-week recovery period. Trend analyses for lung weights of males and females

indicated that there were exposure-related increases in lung weight at the end

of exposure (p - 0.0001) and the increased lung weights persisted through the

2-week recovery period (p j 0.001). These results demonstrate that exposures

of F344/N rats to 120 mg.hr Cu-Zn/m 3 or more per week produce significant

Vincreases in lung weight; exposures to less than 120 mg.hr Cu-Zn/m3 per week

* produce slight exposure-related increases in lung weight not significantly

different from sham-exposed rats.

Respiratory functional changes were not observed in rats exposed to 60

or 120 mg-hr Cu-Zn/m 3 per week, but were observed in rats exposed to 240 mg.hr

Cu-Zn/m 3 per week. The changes included a reduced total lung capacity,

reduced quasistatic lung compliance, reduced carbon monoxide diffusing

capacity, and increased percent forced vital capacity exhaled in 0.1 second.

These alterations were consistent with a restrictive functional disorder, with

I- no evidence of airflow obstruction. The pattern of reduced lung volumes

- indicated that only the maximum lung expansion, rather than the relaxed or

minimum lung volume, was affected by exposure to the Cu-Zn. The respiratory

functional changes were not severe, averaging 15% different from normal values

at the end of the exposure. There were no statistically significant

differences from control values in any of the respiratory parameters after the

2-week recovery period.
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Bronchoalveolar lavage fluid analyses at the end of exposure indicated

that the inhaled Cu-Zn produced an inflammatory response in the lung,

accompanied by a turnover of the extracellular collagenous matrix. Trend

analyses indicated that the following lavage fluid constituents had

exposure-related responses at the end of exposure: (1) beta-glucuronidase (an

indicator of macrophage activation) increased (p - 0.002), (2) lactate

dehydrogenase (an indicator of cytotoxicity) increased (p - 0.006),

(3) polymorphonuclear leukocytes increased (p - 0.005), (4) total protein

increased (p = 0.02), and (5) airway collagen increased (p - 0.03). Alkaline

phosphatase, which is associated with secretions of type II cells of the lung,

was not increased as a result of the exposures to Cu-Zn. Despite significant

differences in alkaline phosphatase content of lavage fluid in several

comparisons, no exposure-related trend was evident. The numbers of pulmonary

alveolar macrophages were increased at the end of exposure, especially for

exposures 4 days per week, but a trend analysis indicated no exposure-related

response. The changes in numbers of macrophages have no clear biological

significance. Hhile there were exposure-related changes in lavage fluid

indicators of damage exposures to at least 60 mg.hr Cu-Zn/m3 per week were

generally required to produce responses significantly different from

sham-exposed rats, and the differences resolved during the 2-week recovery

period.

Hematological. immunological, and phagocytosis parameters were not

significantly affected by inhaled Cu-Zn. Hematological parameters were

unaffected at all exposure levels. Immunological results for rats exposed to

Cu-Zn were not significantly different from those of sham-exposed rats at the

end of exposure or after the recovery period. Trend analyses, however,
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indicated slight exposure-related increases in total cells (p - 0.02) and

total number of antibody-forming cells in LALN (p w 0.004). The total number

of antibody-forming cells (p - 0.02) remained elevated after the 2-week

recovery period, but to a lower degree. Although these trends were

significant, there was no clear pattern which indicated that the lung immune

system was at risk as a result of inhalation of the powdered Cu-Zn. The

phagocytic ability of pulmonary alveolar macrophages was unaffected by the

exposures to Cu-Zn.

Lesions of the nose caused by inhalation of Cu-Zn included atrophy of

!- the nasal olfactory epithelium and hyperplasia of goblet cells in respiratory

epithelium. Atrophy of the nasal olfactory epithelium occurred at all
S

exposure levels, and both the incidence and severity were exposure-related.

The average severity ranged from slight in rats exposed to 30 mg.hr Cu-Zn/m
3

per week (for 10 of 10 rats). This lesion completely resolved during the

,2-week recovery period for rats exposed to 120 mg.hr Cu-Zn/m 3 per week, or

less. Goblet cell hyperplasia and hypertrophy were prominent in the ciliated

epithelium lining the anterior portion of the nasal septum and occasionally

the epithelium lining the anterior portion of the maxilloturbinate. This

lesion had a severity rating of slight to moderate and also resolved during

the 2-week recovery period. Therefore, while inhalation of Cu-Zn produced

changes in the nasal region of the respiratory tract, the changes resolved

after 2 weeks recovery if exposures were less than the equivalent of 120 mg.hr

Cu-Zn/m 3 per week for 4 weeks.

Histopathological effects observed in the lung for groups of rats

exposed to 120 mg.hr Cu-Zn/m3 or more per week included focal necrotizing

alveolitis in at least 1 of 10 rats, and goblet cell hyperplasia of bronchial

and bronchiolar epithelium in at least 2 of 10 rats. The incidence and
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severity were exposure-related. Severity was "mild" in rats exposed to 120

mg.hr Cu-Zn/m 3 per week. Exposures to 480 mg.hr Cu-Zn/m 3 per week produced

the lesions in 10 of 10 rats, and the severity rating was "moderate." One of

10 rats exposed to 30 mg.hr Cu-Zn/m3 per week developed goblet cell

hyperplasia with a severity rating of "slight." The focal necrotizing

"-' alveolitis was associated with the terminal bronchioles, proximal alveolar

ducts, and adjacent alveoli. This response included infiltration of the

interstitium and alveolar septae by mononuclear cells and neutrophils and the
presence of numerous neutrophils and macrophages in the bronchiolar and

alveolar airspaces. Both of these lesions represented significant responses

to exposures to 120 mg Cu-Zn/m3 or more per week, but both lesions resolved

- during the 2-week recovery period.

Alveolar macrophage hyperplasia was observed in 3 of 10 rats exposed to

a" 30 mg.hr Cu-Zn/m 3 per week and was present in all rats exposed to levels

higher than 30 mg.hr Cu-Zn/m3 per week. The severity ranged from slight to

inarked, with more severe responses produced by the higher-level exposures.

-his lesion only partially resolved during the recovery period and persisted

in most rats exposed to 60 mg.hr Cu-Zn/m3 per week or more. Alveolar

macrophage hyperplasia was the most persistent histopathological response

observed in lungs of these rats, but appeared to be completely resolvable

after exposures to 30 mg.hr Cu-Zn/r 3 per week.

In conclusion, exposure-related responses occurred in rats exposed to

powdered Cu-Zn for 4 weeks. Responses were most apparent for bronchopulmonary

lavage. fluid indicators of damage and inflammation, lung weights, and

histopathology. Exposures to at least 60 mg.hr Cu-Zn/r 3 per week were needed

to produce significant responses. Most of the responses resolved during the

2-week recovery period, especially if exposures were to no more than 60 mg-hr
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iI/ Cu-Zn/m 3 per week. Responses to a given cumulative weekly exposure were

generally more marked when exposures were delivered during 4 days per week

instead of during 2 days per week. While responses were related to the weekly

product of aerosol concentration multiplied by exposure time, and exposures 4

days per week generally produced larger responses than exposures 2 days per

week for the same cumulative exposure, no relationship was detected for daily

exposure duration (1.5 vs. 3 hr/day) or exposure concentration (10 mg Cu-Zn/m3

vs. 40 mg Cu-Zn/m 3). This was probably a consequence of the relatively small

difference between 1.5 hours and 3 hours per day, and the fact that the total

amount of Cu-Zn deposited per day was more important than either the aerosol

* concentration or exposure duration.

With the exception of the decreased body weight, all of the observed

biological responses to inhaled Cu-Zn were restricted to the respiratory

tract. A weekly product of aerosol concentration multiplied by time of 60

-.. mg.hr Cu-Zn/m was required to elicit statistically significant responses.

Most differences in biological responses between sham-exposed rats and rats

exposed to Cu-Zn had resolved by the end of a 2-week recovery period. The

only significant unresolved changes were the nasal epithelial goblet cell

hyperplasia, increased lung weight, and alveolar macrophage hyperplasia.

* These unresolved changes were associated with weekly cumulative exposures of

at least 60 mg.hr Cu-Zn/m 3. The time required for full recovery was not

determined, but the severity of the lesions and degree of recovery by 2 weeks

* suggest that recovery would likely be complete.

S Hithin the spectrum of exposures used in this study, the inhaled Cu-Zn

alloy caused exposure-related inflammatory and cytotoxic responses in the

* respiratory tract, but the inhaled Cu-Zn cleared rapidly and the responses

largely resolved after cessation of exposures.
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' VIII. QUALITY ASSURANCE STATEMENT

This research was conducted in accordance with the Good Laboratory

Practice Regulations for Nonclinical Laboratory Studies (FDA, 1978). The

study phases were inspected by the LITRI Quality Assurance Unit and findings

reported to study scientists and to LITRI management. The final report is in

accordance to the experimental methods described in study protocols and in

standard operating procedures.

LITRI Quality Assurance Officer: , Ile " -/ i '
D. L. Harris

QA UNIT AUDIT SCHEDULE

ExDerimental Phase Date InsDection Date Report

Protocol FY85-089 Audit 10/27/85 10/27/85

Protocol FY85-089 Approval 12/18/85 12/18/85

Animal Quarantine/Records 12/18/85 12/18/85

Exposure Room Pre-study 12/18/85 12/18/85

Animal ID/Assignments 01/06/86 01/31/86

* Path/Tox Protocol Approval 01/07/86 01/07/86

Exposure Room (Dosing) 01/15/86 01/31186

Animal Heighing/Observations 02/08/86 02/28/86

Necropsy 02/10/86 02/28/86

* 03/03/86 03/13/86

Data Audit 03/13/86 03/13/86

Data Audit 11/05-06/86 11/10/86

Draft Report Audit 04/16/87 04/6/87
Final Report Data Audit 01/25-02/01/88 02/01/88

Final Report Audit 05/06/88 05/06/88
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A. APPENDIX A: EXPLANATION OF SYMBOLS AND ABBREVIATIONS

These symbols and abbreviations are defined in alphabetical order.

1. ACKG - Airway collagen expressed as micrograms present in the
lavage fluid per kilogram body weight.

2. AFC- Antibody-forming cells per million lymphocytes in
lung-associated lymph nodes.

3. AIRC - Airway collagen expressed as micrograms present in the
lavage fluid.

4. ALKP - Alkaline phosphatase in lavage fluid; milli-international

units in the total volume of lavage fluid.

5. Animal Number - Animal number. Metal eartags were used in this
study for permanent animal identification.

6. Assign Code - Assignment code, indicating the fate of the

animals used in this study.

EOE - Animals sacrificed for endpoint evaluations after

the exposure period.

REC - Animals sacrificed for endpoint evaluations after
the recovery period followiny aerosol exposures.

FD - Found dead in housing facilities or died during
exposure.

3 PF - Assigned for pulmonary function evaluations.

7. BGLU - Beta glucuronidase in lavage fluid; milli-international
units in the total volume of lavage fluid.

8. BPRO - Total protein in blood plasma, expressed as grams
*. of protein per deciliter of plasma.

9. BWBC - Leukocyte (WBC) numbers per cubic millimeter of blood

multiplied by 0.001.

10. BWT - Animal body weight in grams.

11. CCORD - Quasistatic cord compliance (mL per cm water).

12. CDYN - Dynamic lung compliance (mL per cm of water).

• 13. DLCO - Carbon monoxide diffusing capacity (mL per minute
per millimeter of mercury).

14. E1O - Forced expiratory flow rate at 10 percent of FVC
(mL per second).
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15. EA/lO0 Cells Number of opsonized sheep red blood cells
(SRBC) phagocytized per 100 pulmonary alveolar
macrophages.

-16. EOSI - Eosinophils in blood, expressed as numbers of

eosinophil-s per 100 leukocytes.

17. Exposure Code:

SHAM - Exposures of rats to humidified, filtered air using the
same kind of nose-only exposure system as used for the
Cu-Zn alloy powder. Exposures were 3 hr/day, 4 days/week.

30-2 - Accumulated weekly exposure to 30 mg.hr Cu-Zn alloy
delivered 1.5 hr/day, 2 days/week using an aerosol
containing 10 mg Cu-Zn alloy/m3.

60-2 - Accumulated weekly exposure to 60 mg.hr at 3 hr/day,
2 days/week, 10 mg Cu-Zn/m3.

* 60-4 - Accumulated weekly exposure to 60 mg.hr at 1.5 hr/day,

4 days/week, 10 mg Cu-Zn/m3.

120-2 - Accumulated weekly exposure to 120 mg.hr at 1.5 hr/day,
2 days/week, 40 mg Cu-Zn/m3.

120-4 - Accumulated weekly exposure to 120 mg.hr at 3 hr/day,
4 days/week, 10 mg Cu-Zn/m3.

240-2 - Accumulated weekly exposure to 240 mg.hr at 3 hr/day,
2 days/week, 40 mg Cu-Zn/m3.

240-4 - Accumulated weekly exposure to 240 mg.hr at 1.5 hr/day,
4 days/week, 40 mg Cu-Zn/m3.

480-4 - Accumulated weekly exposure to 480 mg.hr at 3 hr/day,
4 days/week, 40 mg Cu-Zn/m3.

18. Expt Number - ITRI experiment number.

19. FRC - Functional residual capacity (mL).

20. FVC - Forced vital capacity (mL).

21. FVI - Percent of FVC exhaled in 0.1 second.

22. HEMA The percentage ratio of volume of packed red blood cells
to volume of whole blood centrifuged by a hematocrit.

23. HGB - Hemoglobin levels in blood, expressed as grams per
deciliter of blood.
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24. Hlstopathology codes:

-> - No changes relative to normal.
1o- Minimum change, or very slight degree or amount.
2 - Slight degree of change, or small amount present.
3>- Moderate, median, or middle severity or amount. -
4>- Marked severity or degree of change, large amount present.

25. LDH - Lactic dehydrogenase In lavage fluid; milli-international
units in the total volume of lavage fluid.

26. LYMP - Lmphocytes in blood, expressed as numbers of
lymphocytes per 100 leukocytes.

4 27. MCV - Mean corpuscular volume. The average volume of red blood

7. cells in units of cubic micrometers.

28. MEF - Mean mid-expiratory flow rate (mL per second).

29. MONO - Monocytes in blood, expressed as numbers of monocytes
per 100 leukocytes.

30. MV- Minute volume (mL per minute).

31. NRBC - Nucleated erythrocytes per 100 leukocytes in blood.

32. PAM - Pulmonary alveolar macrophages in total lavage fluid volume
multiplied by 0.000001.

33. PEFR - Peak expiratory flow rate (mL per second).

34. PMN . Polymorphonuclear leukocytes in total lavage fluid volume
*multiplied by 0.000001.

35. RBC - Erythrocytes (RBC) per cubic millimeter of blood
multiplied by 0.000001.

36. RL - Total pulmonary resistance (cm water per mL per second).
4

* 37. RV - Residual volume (mL).

38. S3 - Slope of phase III of a single-breath nitrogen
washout (percent of the nitrogen per mL).

38. SBWT - Sacrifice body weight, the body weights of rats at
the time they were killed for endpoint evaluations.

40. SEGM - Segmenter (neutrophil) levels in blood, expressed as
numbers of neutrophils per 100 leukocytes.

441. TCOL - Total milligrams of collagen in the analyzed lungs.
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42.TK -Total milligram of collagen per kiogram boy weight.

43. TLC - Total lung capacity (mL).

.44. Total AFC - Total IgM anti-SRBC antibody-forming cells In
lung-associated lymph nodes.

45. Total Cells - Number of lymphoid cells in lung-associated
lymph nodes multiplied by 0.000001.

46. TPRO - Total milligrams of protein in lavage fluid.

47. VC -Vital capacity (mL).

.4.48. WBC W hite blood cells in total lavage fluid volume multiplied by
0.000001.
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B. APPENDIX B: AEROSOL CONCENTRATIONS OF Cu-Zn METAL ALLOY POWDER

EXPOSURE EXPERIMENT Cu-Zn NUMBER OF COLLECTION
DATE NUMBER mg/m3 FILTERS TIME (MIN)

21-JAN-1986 4269 9.28 2 90
-24-JAN-1986 4269 9.36 2 90
28-JAN-1986 4269 9.59 2 90
31-JAN-1986 4269 9.88 2 90
04-FEB-1986 4269 9.62 2 90
07-FEB-1986 4269 9.67 2 90
11-FEB-1986 4269 9.71 2 90
14-FEB-1986 4269 13.35 2 90
13-JAN-1986 4270 40.26 2 90
16-JAN-1986 4270 39.48 1 90
20-JAN-1986 4270 37.11 2 90
23-JAN-1986 4270 53.03 1 90
27-JAN-1986 4270 37.70 1 90
30-JAN-1986 4270 40.90 2 90
03-FEB-1986 4270 41.76 1 90
06-FEB-1986 4270 41.04 2 90
14-JAN-1986 4271 8.17 2 180
17-JAN-1986 4271 10.11 2 180
21-JAN-1986 4271 10.22 2 180
24-JAN-1986 4271 9.36 2 90
24-JAN-1986 4271 8.99 1 90

* 28-JAN-1986 4271 10.85 2 180
31-JAN-1986 4271 9.88 2 90
31-JAN-1986 4271 11.17 2 90
04-FEB-1986 4271 9.89 2 180
07-FEB-1986 4271 9.67 2 90
07-FEB-1986 4271 10.79 2 90
20-JAN-1986 4272 43.28 2 180
23-JAN-1986 4272 39.13 1 180
27-JAN-1986 4272 38.08 2 180
30-JAN-1986 4272 36.71 2 180
03-FEB-1986 4272 41.57 2 90
06-FEB-1986 4272 40.93 2 180
10-FEB-1986 4272 43.99 2 180
13-FEB-1986 4272 37.18 2 180
20-JAN-1986 4273 8.14 2 90
21-JAN-1986 4273 9.28 2 90
22-JAN-1986 4273 11.72 2 90
23-JAN-1986 4273 14.81 2 90
27-JAN-1986 4273 9.29 2 90
28-JAN-1986 4273 9.59 2 90
29-JAN-1986 4273 11.39 2 90
30-JAN-1 986 4273 9.81 2 90
03-FEB-1986 4273 10.76 2 90
04-FEB-1986 4273 9.62 2 90
05-FEB-1986 4273 10.11 2 90
06-FEB-1986 4273 10.58 2 90
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B. APPENDIX B: AEROSOL CONCENTRATIONS OF Cu-Zn METAL ALLOY POWDER
(continued)

EXPOSURE EXPERIMENT Cu-Zn NUMBER OF COLLECTION-
DATE NUMBER mg/m3 FILTERS TIME (MIN)

-O-FEB-1986 4273 11.09 2 90
11-FEB-1986 4273 9.71 2 90
12-FEB-1986 4273 10.34 2 90
13-FEB-1986 4273 10.31 2 90
14-JAN-1986 4274 44.52 2 90
15-JAN-1986 4274 43.69 2 90
16-JAN-1986 4274 38.49 2 90
17-JAN-1986 4274 38.74 2 90
21-JAN-1986 4274 43.62 2 90
.: 22-JAN-1986 4274 42.26 2 90
23-JAN-1986 4274 47.31 2 90
24--JAN-1986 4274 40.90 2 90
28-JAN-1986 4274 37.04 2 90
29-JAN-1986 4274 40.89 2 90

. 30-JAN-1986 4274 38.83 1 90
31-JAN-1986 4274 40.92 2 90
04-FEB-1986 4274 40.99 2 90

-, 05-FEB-1986 4274 45.93 1 90
06-FEB-1986 4274 40.88 2 90
07-FEB-1986 4274 41.36 2 90
13-JAN-1986 4275 10.24 2 180
14-JAN-1986 4275 7.00 2 180
15-JAN-1986 4275 9.12 2 180
16-JAN-1986 4275 11.32 2 180
20-JAN-1986 4275 9.66 2 180
21-JAN-1986 4275 9.22 2 180
22-JAN-1986 4275 11.45 2 180
23-JAN-1986 4275 10.19 2 180
27-JAN-1986 4275 8.92 2 180
28-JAN-1986 4275 9.01 2 180
29-JAN-1986 4275 10.43 2 180
30-JAN-1986 4275 10.82 2 180
03-FEB-1986 4275 9.31 2 180
04-FEB-1986 4275 10.82 2 180

05-FEB-1986 4275 11.35 2 180
06-FEB-1986 4275 7.98 2 180
21-JAN-1986 4276 43.62 2 90
21-JAN-1986 4276 39.75 2 90

• 22-JAN-1986 4276 42.26 2 90
22-JAN-1986 4276 41.28 2 90
23-JAN-1986 4276 47.31 2 90
23-JAN-1986 4276 63.38 2 90
24-JAN-1986 4276 40.90 2 90
24-JAN-1986 4276 52.62 2 90

628-JAN-1986 4276 37.04 2 90
28-JAN-1986 4276 37.52 2 90
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B. APPENDIX B: AEROSOL CONCENTRATIONS OF Cu-Zn METAL ALLOY POWDER
(continued)

EXPOSURE EXPERIMENT Cu-Zn NUMBER OF COLLECTION
DATE NUMBER mg/m3 FILTERS TIME (MIN)

29-JAN-1986 4276 40.89 2 90
29-JAN-1986 4276 41.41 2 90
30-JAN-1986 4276 38.83 1 90
30-JAN-1986 4276 43.70 2 90
31-JAN-1986 4276 40.92 2 90
31-JAN-1986 4276 48.74 2 90
04-FEB-1986 4276 40.99 2 90
04-FEB-1986 4276 37.16 2 90
05-FEB-1986 4276 45.93 1 90
05-FEB-1986 4276 44.98 2 90
06-FEB-1986 4276 40.88 2 90
06-FEB-1986 4276 43.09 2 90
07-FEB-1986 4276 41.36 2 90
07-FEB-1986 4276 49.14 2 90
11-FEB-1986 4276 33.36 2 180
12-FEB-1986 4276 40.95 2 180
13-FEB-1986 4276 37.18 2 180
14-FEB-1986 4276 41.58 2 180
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APPENDIX E. TREND ANALYSES

1. Overview

In addition to the usual statistical tests performed on the-data, trend

analyses were performed whenever a visual inspection indicated the possibility

of a trend as a function of exposure. It should be noted that a trend with a

clearly nonzero slope can be obtained even in situations where not a single

exposure group is significantly different from control. This is due to the

fact that a multi-comparison t-test and a linear trend analysis test different

properties of the data.

In view of the paucity and variability of the data, only linear trend

functions were used. The criterion for a slope significantly different from

zero was a normal standard deviate resulting in p < 0.05. In the figures, the

95% confidence limits are indicated by dashed lines. These trend analysis

results are summarized in Table E-1 and visually presented in Figures E-1

through E-18. Data for 2 and 4 days/week exposures were combined for these

linear curve fits.

2. Summary of Trend Analyses

a) LungHight: Linear curve fits for males and females, at the end

of exposure and after the recovery period, have nonnegative slopes

that have a probability 1 0.001 of including zero. Also, where

comparisons are possible for 2 days or 4 days exposure per week

(60, 120, and 240 mg.hr Cu-Zn/m3). responses were greater when

- .exposures were 4 days per week.

b) Bronchoalveolar Lavaae Fluid Constituents: Observables with no

exposure-response (p > 0.05) were

(1) Alkaline phosphatase

(2) Pulmonary alveolar macrophage numbers.
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Observables with exposure-responses (p 1 0.05) were

(1) Beta-giucuronidase

(2) Lactate dehydrogenase

(3) Polymorphonuclear leukocytes

(4) Total protein

(5) Airway collagen.

In 17 of 21 comparisons of responses for exposure 4 days versus 2

days per week, the responses were more intense with exposures 4

days per week. This clearly denotes a pattern very suggestive that

for the same cumulative weekly exposure to Cu-Zn alloy, exposures 4

days per week produce a greater response than exposures 2 days per

week.

C) Imunology: Total cells and total antibody-forming cells in

lung-associated lymph nodes had exposure responses at the end of

exposure. Antibody-forming cells per million lymphocytes had too

much variation to indicate a nonzero slope to the linear regression

of response versus exposure level. Total cells remained elevated

after the 2-week recovery period; total antibody-forming cells had

returned to normal. There was no apparent relationship between

Y number of exposures per week and response for the immunology

F evaluations.

d) Phagocytoss: While there was no clear exposure response

relationship at the end of exposure, phagocytosis was lower for

cumulative weekly exposures of 60. 120. and 240 mg.hr Cu-Zn/m3 when

exposures were 4 times per week as compared with 2 days per week.
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e) Histopatholoav: These trend analyses clearly demonstrate exposure-

response relationships for all 5 categories of observables. Hhile

there was still an exposure-response after the recovery period for

atrophy of olfactory epithelium and alveolar macrophage

hyperplasia, slopes of the linear curve fits were decreased by

factors of 3 and 0.7, respectively. Goblet cell hyperplasia of

.. lung tissue had no significant slope, indicating the exposure-

related response had fully resolved during the allowed 2-week

4recovery period.
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Figure E-1. Fits of Straight Lines to the Lung Weight Data for Rats
at the End of Exposure; 0 a Exposures 4 Days/Week;
0 - Exposure 2 Days/Neek. Dashed Lines Represent

95% Confidence Limits.
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Figure E-2. Fits of Straight Lines to the Lung Weight Data for Rats
After the Recovery Period. Dashed Lines Represent 95% Confidence

Limits; 0 - Exposures 4 Days/Week; 0 -Exposures 2 Days/Week.

15 FEMALES, AFTER RECOVERY

V.0.

0 I00 200 300 400 500

WEEKLY ing-hr Cu-Zn/rn1

3: i.O MALES, AFTER RECOVERY

100 -200 300 400 5 00

WEEKLY mg-hr Cu-Zn/n 3

145

V5 *



Figure E-3. Fit of a Straight Line to the Alkaline Phosphatase
Content of Lung Lavage Fluid Data at the End of Exposure for
Exposures Twice Per Week (0) and Four Times Per Week (0).

Dashed Lines Represent 95% Confidence Limits.
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Figure E-4. Fit of a Straight Line to the Beta Glucuronidase Content
of Lung Lavage Fluid at the End of Exposure for Exposures

Twice Per Neek (0) and Four Times Per Week (M).
Dashed Lines Represent 95% Confidence Limits.
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Figure E-5. Fit of a Straight Line to the Lactate Dehydrogenase Content
of Lung Lavage Fluid at the End of Exposure for Exposures

Twice Per Week (o) and Four Times Per Week (0).
Dashed Lines Represent 95% Confidence Limits.
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Figure E-6. Fit of a Straight Line to the Pulmonary Alveolar Macrophage
Numbers in Lung Lavage Fluid at the End:of Exposure for Exposures

Twice Per Week (0) and Four Times Per Week (0).
Dashed Lines Represent 95%. Confidence Limits.
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Figure E-7. Fit of a Straight Line to the Polymorphonuclear Leukocyte
Numbers In Lung Lavage Fluid at the End of Exposure for Exposures

Twice Per Week (0) and Four Times Per Week (0).
Dashed Lines Represent 95. Confidence Limits.
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Figure E-8. Fit of a Straight Line to the Protein Content of Lung
Lavage Fluid at the End of Exposure for Exposures Twice Per

Week (0) and Four Times Per Week (o). Dashed Lines Represent
95% Confidence Limits.
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Figure E-9. Fits of Straight Lines to the Collagen Content of lung
Lavage Fluid at the End of Exposure for Exposures Twice Per

Week (0) and Four Times Per Week (0). Dashed Lines Represent
95 Confidence Limits.
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Figure E-10. Fits of Straight Lines to Date for Total Lymphoid
Cells in Lung-Associated Lymph Nodes at the End of Exposure
and After Recovery. Dashed Lines Represent 95%. Confidence

Limits; 0 -Exposures 4 Days/Week; 0 -Exposures 2 Days/Week.
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Figure E-11. Fits of Straight Lines to Data for Total Antibody-forming
Cells In Lung-Associated Lymph Nodes at the End of Exposure and After

Recovery. Dashed Lines Represent 957 Confidence Limits;
0- Exposures 4 Days/Week; 0 a Exposures 2 Days/Week.
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Figure E-12. Fits of Straight Lines to Data for Antibody-forming
Cells per Million Lymphocytes in Lung-associated Lymph Nodes

at the End of Exposure and After Recovery. Dashed Lines
Represent 95% Confidence Limits; 0 - Exposures 4 Days/Week;

0 -Exposures 2 Days/Week.
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Figure E-13. Fits of Straight Lines to Phagocytosis Data
for Evaluations Made at the End of Exposure and After Recovery.

Dashed Lines Represent 95. Confidence Limits;
0 a Exposures 4 Days/Week; 0 - Exposures 2 Days/Week.
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Figure E1.Fits of Straight Lie to Histopathology Results for
Atrophy of Olfactory Epithelium; 0 - Exposures 4 Days/Week;

o Exposures 2 Days/Week. Dashed Lines Represent 95% Confidence Limits.
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Figure E-15. Fits of Straight Lines to Histopathology Results
for Goblet Cell Hyperplasia, Nasal Respiratory Epithelium;

0*Exposures 4 Days/Week; 0 - Exposures 2 Days/Weeks.
Dashed Lines Represent 95% Confidence Limits.
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Figure E-16. Fit of a Straight Line to IHistopathology Results
for Focal Necrotizing Alveolitis of the Lungs at the End of

Exposure; 0 - Exposures 4 Days/Week; 0 - Exposures 2 Days /Week.
Dished Lines Represent 95% Confidence Limits.
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Figure E-17. Fits of Straight Lines to Histopathology Results
for Alveolar Nacrophage Hyperplasla 0 - Exposures 2 Days/Week;

0 - Exposures 4 Days/Week. Dashed Lines Represent 957.
Confidence Limits.
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IiueE1.Fto tagtLn oHsoahlg eut
for Goblet Cell Hyperplasia in Bronchi and Bronchioles at the End

of Exposure; * - Exposures 4 Days/Week; 0 a Exposures 2 Days/Week.
Dashed Lines Represent 95% Confidence Limits.
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APPENDIX I. MISCELLANEOUS

This appendix contains example data sheets for analyses of Hayne

Certified Rodent Blox Pellets done by Continental Grain Company, Libertyvlle,

Illinois. Results for this lot of feed (P06185-1) are typical for this kind

of feed, which was used in Phase II of this project.
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CONTINENTAL GRAIN COMPANY
V.O0. box 459

LI)ERTTVILLE, ILLINOIS 60048

312-363-1334

UNIARC AND DRV3W.oPMZ!4! C4lERl

IORU.0 MM6LXV =DV * GROUP

September 4, 1985

Dr. Charles Hobbs
Assistant Director
ITRI
P.O. Box 5980
Albuquerque, New Mexico 87185

Dear Dr. Hobbs,

Please find enclosed our raw data on the following lots of
Wayne Certified Rodent Blox Pellets.

P061851
P061852

% P072651
P072652

Please contact me if you have any questions.

Si ely,

Robert E. Beverly/
Quality Assurance anager
Animal Health/Pet/ Products

MM/Jw

Enclosure

S
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_________ _.... Continental Grain Co.

PLANT NO. 0/645

___ __ FEED NO.Z.'7 .- CATEGORY NO. E--
S- _-

. . ROUTINE SPECIAL STUDY ~NON-ROUTINE

DATE MFG. ' RUN OR BATCH N . -' -.

ANALYSIS:

_____. GUAR. CALC ASSAY

PROT. "_._I_-__ __-._.._

_~ ASH _

_____ ~~FAT __ _ _ ___ _

,-_ __._. FIBER o z -

, ' C___ _.

SALT 0.-.

N.P.N. ""_

V,,' _ ___ __ __

"P .

DATE

_', r OMPLETEC-

9,.C

RE IPT

181
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,- .'. # .- -

~4* a ~...- . a
" l" I"- 'SPECIMEN SPECIMEN I.D. NUMBER ACESINNC

i ". lR 4934 CONTINENTAL GRAIN j JUL ACSINN159371" -( " . .... -' I DATE COLLECTED TIME COLLECTED
"'--" "REFERRING CLIENT/ PECEIVED

07/01/85 00:00 07/01/B,
€ONTINDNTA. GRAIN Co. CUENT LAB NO. RPOrED

00000 00/00/0c

TEST RESULT ' REFERENCE LIMITS UNITS

BETA BHC .0 01 PPM
DELTA BHC CO. 01 PPm
4.4'DDE C0. 10 PPI

"" 4 .4'DDD (0. 10 PPM
HCD (0. 10 DL <0.01 PPM
rMIREX CO. 10 DL <0.01 PPM--
VIETHOXYCHLOR Co. 10 DL (0.01 PPM
TELODRIN (0.10 DL <0.01 PPM
RONNEL <0.10 DL (0.01 PPM
ETHYL PARATHION (0. 10 DL CO. 10 PPm.-

- ALPHA ENDOSULFAN <0. 10 ppm" ,
BETA ENDOSULFAN (0. 10 ppM
ENDOSULFAN SULFAIE (0. 10 PPM

,-_ _ _ _ .. ____

ASSAY DONE.d p Au-
_____ A.p ::v. 3Y P'.D LA4 P:'/ - ZP-AuG - ."Of ~~~ES 1 Tt.uTTOhOU0' PE:'r

-------------------- AY 9 -.......................................
"_--- DATE AS EV _.

. PLA04T PROD TYPE XFr IATCM COMENT --------------- ;-COMMENT _____

010 5?2500 SPECIAL 150611 P06135-1 C, Ji :"DcT ILOX

-. TEST " UNITS iESULT C-VALUE GUAr-VALT"

. 182
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I SPECIMEN . . . SPECIMEN I.D. NUMBER ACCESSION t

R 4934 CONTINENTAL CRAIN 159371 15937"

.. ....... RI -DATE COLLECTED TIME CdO D TREFERING CIENTRECEIVED

CLIENT LAB NO. 0 0POTE !

CONTINENTAL GRAIN CO. 00000 00/00/

TEST RESULT . REFERENCE LIMITS UNITS -_-

FEED SCREEN
ARSENIC 0.24 PPM
CADMIUM 0.32 PPM --

LEAD 0.31 PPM
MERCURY <0.07 PPM

SELENIUM 0.53 PPr.
AFLATOXIN B1 <0.01 DL <0.01 PPM
AFLATOXIN B2 <0.01 DL <0.01 PPM
AFLATOXIN G1 <0.01 DL (0.01 PPM - -

AFLATOXIN G2 <0.01 DL (0.01 PPM
ALDRIN <0.01 DL <0.01 PPM
DIELDRIN <0.01 DL (0.01 PPMo
ENDRIN <0.01 DL (0.01 PPM
HEPTACHLOR <0.01 DL (0.01 PPM

HEPTACHLOREPOXIDE <0.01 DL <0.01 PPM "
LINDANE <0.01 DL <0.01 PPM
CHLORDANE (0.01 DL <0.01 PPM
DDT RELATED SUBS. <0.10
TOXAPHENE <0.10 DL <0.10 PPM
PCBS <0.10 DL (0. 10 PPM
DIAZINON <0. 10 PPM
DISULFATON <0. 10 DL (0.10 PPM
ETHION <0. 10 DL <0. 10 PPM
MALATHION 0.12 DL (0.10 PPM
METHYL PARATHION <0. 10 DL (0. 10 PPM
PARATHION <0. 10 DL (0.10 PPM
THIMET <0.10 DL (0. 10 PPM
THIODAN <0. 10 DL (0. 10 PPM
TRITHION <0. 10 DL (0.10 PPM
CAROTENE 1.95 PPM
NITROGEN, NITRATE 0.60 PPM
NITROGENNITRITE (0.01 PPM .i

STANDARD PLATE COUNT 10500
COLIFORMS, FECAL 0 COL/ML
E. COLI 0 MPN
BHA- <0.10 DL (0.01 PPM
BIT <0.10 DL (0.01 PPM
NITROSAMINES <0.10 MCG/L
ALPHA DHC (0.01 PPM

S6.. . 6%%

J9 183



XII. LIST OF PUBLICATIONS

Snipes, M. B., A. G. Harmsen, J.A. Pickrell, F. F. Hahn, H. C. Yeh and

F. A. Seller. Inhalation of Cu-Zn Alloy and TiO2 by Rats:

- Exposure Stress Evaluation. Proceedings of the Smoke/Obscurants

Symposium X, Harry Diamond Laboratories, Adelphi, MD, 22-24 April

1986.
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XIII. PERSONNEL SUPPORTED BY PROJECT

Name Duty
Professional

Snipes, M. B.; Ph.D. Principal investigator responsible for
coordination of activities in the
project.

-Bice, D. E.; Ph.D. Immunology evaluations.

Burt, D. G.; D.V.M. Small animal care operations.

Damon, E. G.; Ph.D. Data management in Path/Tox Data Base
System.

Eidson, A. F.; Ph.D. Coordinate activities associated with
analytical techniques used in this
project.

Hahn, F. F.; D.V.M., Ph.D. Pathology evaluations.

Harkema, 3. R.,; D.V.M., Ph.D. Pathology evaluations.

Harmsen, A. G.; Ph.D. Immunologist responsible for activities
related to animal stress evaluation.

Harris, D. L.; M.S. Quality Assurance.

Hobbs, C. H.; D.V.M. Veterinarian for project and member of
the ITRI directorate in charge of this
research.

Lopez, 3. A.; B.S., Ch.E. Responsible for maintaining facilities.

Mauderly, 3. L.; D.V.M., Ph.D. Respiratory function evaluations.

Pickrell, 3. A.; D.V.M., Ph.D. Blood chemistry evaluations.

Seiler, F. A.; Ph.D. Statistician for project.

Thompson, 3. 3.; Ph.D. Health protection and safety.

Yeh, H. C.; Ph.D. Responsible for aerosol science
activities.
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